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Oxides have many potentially desirable characteristics for thermoelectric applications, including
low cost and stability at high temperatures, but thus far there are few known high zT n-type
oxide thermoelectrics. In this work, we use high-throughput first principles calculations to screen
transition metal oxides, nitrides, and sulfides for candidate materials with high power factors and low
thermal conductivity. We find a variety of promising materials, and we investigate these materials
in detail in order to understand the mechanisms that cause them to have high power factors. These
materials all combine a high density of states near the Fermi level with dispersive bands, reducing the
trade-off between the Seebeck coefficient and the electrical conductivity, but they do so for several
different reasons. In addition, our calculations indicate that many of our candidate materials have
low thermal conductivity.
I. INTRODUCTION
The need for clean efficient power generation has led
to a renewed interest in thermoelectric materials, which
can directly convert a temperature gradient into electri-
cal power. Thermoelectrics can take advantage of a va-
riety of heat sources, including solar or waste heat, to
cleanly generate electricity[1–5]. Conversely, they could
be used in cooling applications via the Peltier effect.
There has been an extensive effort over recent years to
discover and optimize materials with high zT , a dimen-
sionless thermoelectric figure of merit. While there has
been significant progress in this area, existing materials
have not yet managed to provide a combination of high
zT , low materials cost, and high durability that would
result in widespread adoption. Much of the research on
thermoelectrics has focused on high mobility semiconduc-
tors with small band gaps. Unfortunately, many of the
most promising candidate materials have practical con-
cerns (cost, toxicity, stability) which have thus far limited
their use in applications[6].
In this work, we focus on the less explored group of
wide band gap transition metal oxides, as well as re-
lated nitrides and sulfides. While oxides are not usually
thought of as promising for thermoelectric applications,
due to their typically low mobilities, the discovery of
good thermoelectric performance in p-type NaxCoO2 and
other layered Co-based materials resulted in an increased
interest in this class of materials[1–3, 7]. n-type mate-
rials such as ZnO and SrTiO3 have also displayed high
power factors, but their zT values have thus far been only
moderate, due to high thermal conductivities[8–10]. De-
spite limited success thus far, oxides provide many poten-
tial advantages as thermoelectrics: 1) high thermal and
chemical stability in air, 2) chemical versatility, allowing
for extensive substitutions and doping, 3) low thermal
conductivity, and 4) low cost materials and processing[1–
3, 6, 11]. Thus far, much of the experimental work on
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oxide thermoelectrics has focused on a relatively small
number of oxides, mostly binaries and perovskites, leav-
ing open the possibility that better oxide thermoelectrics
exist.
In this work, we use high-throughput density func-
tional theory (DFT) calculations[12–23] to identify
promising n-type thermoelectric oxides and related ma-
terials from the Inorganic Crystal Structure Database
(ICSD)[24]. The large amount of work required to syn-
thesize, optimize, and measure thermoelectrics experi-
mentally make this type of theoretical screening of candi-
date materials particularly desirable. Similar techniques
have been used successfully to study the thermoelectric
behavior of a variety of materials, including oxides[25–
36]. While a fully first principles theoretical calculation
of zT remains challenging, especially for oxides, which
often have partially localized carriers, we can neverthe-
less screen materials for both electronic and vibrational
properties that are necessary for good thermoelectric per-
formance. In this work, we perform such a screening pro-
cedure, identifying many candidate materials with calcu-
lated thermoelectric properties that are similar to or sur-
pass experimentally studied n-type oxides. Furthermore,
we analyze the mechanisms behind the high thermoelec-
tric performance of these materials, finding that they fall
into a small number of groups with similar properties.
II. METHODS
A. Calculating Thermoelectric Performance
The dimensionless figure of merit for thermoelectrics
can be written as
zT = σS2T/κ, (1)
where σ is the electrical conductivity, S is the Seebeck
coefficient, κ is the total thermal conductivity (electrical
plus lattice), and T is the temperature. The power factor,
which determines the electrical response of a material to
a temperature gradient, is S2σ.
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2Unfortunately, the components of zT are not all easy
to calculate using first principles techniques. Within the
constant relaxation time approximation, which is used
in this work, S can be calculated from a band struc-
ture calculation without any adjustable parameters[37].
Within the same approximation, it is possible to cal-
culate σ/τe, where τe is the electronic relaxation time.
Unfortunately, calculating τe from first principles re-
mains challenging[38, 39]. This problem is especially
severe for oxides, which often display complicated con-
duction mechanisms and polaronic effects at low dop-
ing and low temperatures. In this work, we are con-
cerned primarily with the opposite regime of high tem-
peratures and high doping, where the carrier mobilities
of oxides are typically larger[1–3]. Because we are com-
paring materials which are chemically similar, we expect
them to have broadly similar electron scattering mech-
anisms. Therefore, we will use the quantity S2σ/τe to
rank our candidate materials for suitability as thermo-
electrics. This estimate, which has been used in many
previous works[26, 34, 40], should be sufficient to at least
screen materials for those with band structures that are
promising for thermoelectric applications, even if deter-
mining the final ranking of materials will require experi-
mental input.
For reference, first principles techniques can reproduce
the thermoelectric properties of SrTiO3 with τe ≈ 4 fs
at room temperature[33], a typical value for oxides, but
some high mobility oxides like ZnO have much longer
scattering times[41]. All wide band materials have to be
doped in order to be used as thermoelectrics. In this
work, we use the rigid band filling model to estimate the
effects of doping, and we rank materials by S2σ/τe at
their optimum doping.
After identifying materials with promising band struc-
tures, we perform more computationally expensive
phonon calculations for a limited number of candidate
materials to estimate the lattice thermal conductiv-
ity, which is the dominant contribution to the thermal
conductivity for most thermoelectrics, as described in
Sec. II C.
B. Band Structure Calculations
All of our calculations are based on DFT
calculations[42, 43], as implemented in QUANTUM
ESPRESSO[44] and using the GBRV high-throughput
ultrasoft pseudopotential library[45]. We use a plane
wave cutoff of 40 Ryd for band structure calculations
and 45-50 Ryd for phonon calculations. For Brillouin
zone integration, we use a Γ-centered grid with a density
of 1500 k-points per atom.
We use the PBEsol exchange-correlation
functional[46], which provides more accurate lattice
constants and phonon frequencies than other GGA
functionals. We use the DFT+U technique[47–49], with
a U value of 3 eV for transition metal d-states[50], when
calculating band structure related quantities. We find
that for most materials this correction has a relatively
minor effect beyond increasing the band gap, and larger
gaps have no direct effect on thermoelectric performance
as long as the gap is already large enough to avoid
significant thermal carrier excitation. We perform
phonon calculations using DFT perturbation theory[51]
without the +U correction.
Our main results are done on fully relaxed struc-
tures with initial coordinates from the ICSD. We use
PYMATGEN[52] to manipulate files from the ICSD to
setup the initial structures for relaxation. Because calcu-
lations are run at a fixed number of plane waves, changes
in the unit cell during relaxation can effectively modify
the basis set. To ensure consistency between the ba-
sis set and the final structure, we run each relaxation
three times, with a force convergence tolerance of 0.001
Ry/Bohr, an energy tolerance of 1 × 10−4 Ry, and a
stress tolerance of 0.5 Kbar. For phonon calculations,
we decrease the force tolerance to 5 × 10−5 Ry/Bohr.
The BFGS algorithm as implemented in QUANTUM
ESPRESSO was used for relaxations.
We use maximally localized Wannier functions as im-
plemented in WANNIER90[53–55] to interpolate band
structures and BOLTZWANN, the WANNIER90 trans-
port module, to calculate the Seebeck coefficient and con-
ductivity under the relaxation time approximation[56,
57]. The use of Wannier interpolation allows us to per-
form accurate calculations of thermoelectric quantities
starting from relatively sparse first principles k-point
grids, which we then interpolate to a k-point spacing of
0.02 A˚−1. This density is about ten times as dense as
the first principles calculation along each direction in k-
space. The use of Wannier functions also allows us to
calculate band structure derivatives analytically, which
accurately treats degenerate points in the Brillouin zone.
In order to use Wannier interpolation for this work, we
had to develop a procedure for automating the construc-
tion of localized Wannier functions. Because we are in-
terested in the properties of both valence and conduction
states, we normally include all possible orbitals which
could contribute to states near the Fermi level (see sup-
plemental materials for list). This is in contrast to many
applications of Wannier functions, which are concerned
with either only the occupied bands or only a localized
subspace of bands (e.g. d-orbitals). In these cases, the
Wannier functions extend over several atoms and may
be sensitive to the details of the localization procedure.
For our application, we include all the relevant orbitals,
which results in Wannier functions that are atomic-like
and strongly localized, even before the iterative localiza-
tion procedure, making the final result more robust. To
calculate the Wannier functions, we use an inner ’frozen’
window default of 4.5 eV above and below the conduc-
tion/valence band edges in order to ensure an accurate
interpolation of the band structure. In testing, our cal-
culated thermoelectric properties are insensitive to minor
variations in this window.
3While the Wannierization procedure we outlined above
is relatively robust, there are a few situations that can
result in failures in the Wannierization, which are identi-
fied by monitoring the spread of the Wannier functions.
First, if there are semicore states that were excluded from
the Wannierization that overlap in energy with the va-
lence states, it will be necessary to include those states
in the valence. Second, sometimes there are problems
including orbitals with high energy (e.g. Sr d-states in
SrTiO3), as these states can become difficult to disentan-
gle from the free electron-like bands when their energy
becomes too high. In both of these cases, we simply ad-
just the orbitals that we include in the Wannierization
procedure by hand to fix these problems. Another is-
sue can arise if the ’frozen’ window overlaps with free
electron-like bands. This can be fixed by adjusting this
window downward to avoid overlap. We encountered all
of these problematic cases only rarely, and we adjust for
them when necessary.
One potential drawback of the Wannierization ap-
proach is the necessity of including a large number of
empty bands in a non-self-consistent DFT calculation, in
order to construct well-localized conduction band Wan-
nier functions. However, these extra bands are only re-
quired on the the sparse k-point grid, and in practice the
computational cost of this step is smaller than the initial
structural relaxation.
C. Thermal conductivity
For typical thermoelectrics, the thermal conductivity
is dominated by the lattice thermal conductivity (κl).
First principles calculations of the thermal conductiv-
ity have been shown to be accurate for a wide variety
of materials[58–62]. Unfortunately, these calculations re-
quire the anharmonic force constants, which are too com-
putationally expensive to use as an initial screening tool
for high-throughput calculations, especially as many of
the materials we consider have large unit cells with rela-
tively low symmetry.
There have been various recent attempts to model the
lattice thermal conductivity without performing a full
calculation of the anharmonic force constants[31, 62–66].
Yan et. al. use a Debye-Callaway model with a con-
stant Gruneisen parameter[31, 66]. Toher et. al.[65]
demonstrated that a modeled the Debye temperature
and the Gruneisen parameter, combined using the Slack
model[67, 68] for thermal conductivity, is useful as a
screening method for thermal conductivity. Another
screening method by Bjerg et. al.[63, 69] incorporates
aspects of the first principles phonon band structure to
approximate the lattice thermal conductivity.
In this work, we want a method which is both com-
putationally feasible to apply to a few dozen compounds
to use as a secondary screening procedure, and accurate
enough to provide a reasonable ordering of compounds to
consider for further study. We employ a method similar
to the model in Bjerg et. al., where the Gruneisen param-
eter (γ) and the Debye temperature (ΘD)are calculated
from the first principles phonon dispersion
ΘD = n
−1/3
√
5h¯2
3k2B
∫∞
0
ω2g(ω)dω∫∞
0
g(ω)dω
(2)
γ2 =
∑
i
∫
dq
8pi3 γ
2
iqCiq∑
i
∫
dq
8pi3Ciq
(3)
γiq = − V
ωiq
∂ωiq
∂V
(4)
where n is the number of atoms per unit cell, ωiq is the
angular frequency of phonon mode i at q-point q, g(ω) is
the phonon density of states, γiq is the mode Gruneisen
parameter, Ciq is the mode specific heat, and V is the
volume. The sum for the Gruneisen parameter is only
performed over modes with h¯ωiq < kBΘD. As per the
discussion in Refs. 63, 69, we square γiq to avoid cancel-
lation between positive and negative anharmonicity when
calculating γ.
Using the Debye temperature and Gruneisen parame-
ter calculated above, we then insert them into the Slack
model [63, 67, 68, 70, 71]:
κl(T ) =
0.849× 3 3√4
20pi3(1− 0.514γ−1 + 0.228γ−2)
×
(kBΘD
h¯
)2 kBMV 13
h¯γ2
ΘD
T
(5)
where M is the average atomic mass. We find that the
Debye temperature and Gruneisen parameter used in this
way contain almost all of the information of the full Bjerg
model, as shown in table II, which presents correlations
of various models and quantities with our reference set
of thermal conductivities. In fact, as shown in table II,
the quantity ΘD/γ also has a high rank correlation with
the reference thermal conductivities, although there is no
computational advantage in using ΘD/γ instead of Eq.
5.
The reason we do not use the full Bjerg model is that
in some cases we found difficulty in fully converging the
acoustic modes for large unit cells. These modes depend
on careful cancellation between all of the force constants
to produce modes with zero eigenvalues at q = Γ, which
is challenging to achieve numerically. This cancellation
can be enforced at Γ by using the acoustic sum rule to
modify the force constant matrix in various ways, but
we sometimes found results which depend on how the
rule was enforced. Therefore, we opted to use a more
computationally robust procedure appropriate for a high-
throughput study by using the Slack model instead of the
Bjerg model.
We find empirically in testing that using this combi-
nation of the Slack model with the Bjerg definition of
the Debye temperature and Gruneisen parameter overes-
timates the thermal conductivity, so we report 70% of the
model value, which improves the quantitative accuracy in
4κexpt (W m-1 K-1 at 300 K)
κ s
la
ck
 (W
 m
-1
 K
-1
 a
t 3
00
 K
)
FIG. 1: Comparison of reference experimental and first prin-
ciples thermal conductivities (x-axis) and the Slack model (y-
axis).
TABLE I: Correlations of various quantities with the ref-
erence thermal conductivities at 300 K (see Supplementary
Materials for list). κSlack is the model used in this work (see
Eq. 5) ; Bjerg refers to the full model of Ref. [63]. Pear-
son and Spearman refer to the standard Pearson correlation
and the Spearman rank correlation, respectively. The first
two columns include all materials, the next two are limited to
materials with κl < 50 W m
−1K−1 at 300 K.
Quantity Pearson Spearman Pearson Spearman
Low κl Low κl
κSlack 0.83 0.91 0.65 0.83
Bjerg[63] 0.93 0.92 0.69 0.88
ΘD 0.74 0.82 0.43 0.71
1/γ 0.39 0.75 0.66 0.60
ΘD/γ 0.71 0.89 0.60 0.83
our testing but makes no difference in a ranking of com-
pounds for those with the lowest thermal conductivity.
For materials with unstable phonon modes, we cannot
calculate a Gruneisen parameter in a meaningful way us-
ing purely harmonic calculations, as the unstable modes
must be stabilized anharmonically at finite temperature.
Therefore, we do not estimate a thermal conductivity
for those compounds. In practice, we expect many ma-
terials with unstable modes at zero temperature to have
low thermal conductivity due to anharmonic interactions,
so the observation of unstable modes is already a useful
indicator of anharmonicity. We present our calculated
thermal conductivities at 300 K, even though we expect
these materials to be used at higher temperatures, where
the thermal conductivity will be lower.
We establish the validity of this method for screen-
ing the thermal conductivity by comparing the model
with the experimental thermal conductivities of a vari-
ety simple binary semiconductors, as well as the first
principles thermal conductivities for a variety of half-
Heusler compounds [62, 65, 72]. In addition, we com-
pare with experimental thermal conductivities for a few
additional oxides[73]. The results are shown graphically
in Fig. 1 and correlations are given in table II, see the
supplementary materials for details. We find that our
chosen method is sufficient for screening materials for
those likely to have low thermal conductivity. As shown
in table II, the Spearman rank correlation[65] between
the reference and modeled thermal conductivities for the
entire test set is 0.91, indicating we are able to identify
promising materials. If we limit the dataset to materi-
als with κl < 50 W m
−1K−1 at 300 K, a more realistic
range for complex oxides, the rank correlation for the full
model drops to 0.83, which is still reasonable for select-
ing materials to study further. We also note that when
considering the entire dataset, the Debye temperature
(see Eq. 2) alone has a rank correlation of 0.82 with the
thermal conductivity, and we make it as an initial screen-
ing tool, as it is less computationally expensive than the
full model. However, directly calculating the Gruneisen
parameter, rather than estimating it[31, 65, 66], signifi-
cantly increases the accuracy of the model. Finally, ex-
perimental thermal conductivities are sensitive to many
factors beyond the scope of this work, including defects
and grain boundaries, which both makes comparisons
with experiments difficult but increases the possibility
of engineering materials to have lower thermal conduc-
tivities.
D. Effective Masses
In order to understand the conductivity and Seebeck
coefficient, we consider several definitions of the effec-
tive mass. Using our Wannier interpolation, we calculate
derivatives of the band structure analytically[56] at the
conduction band minima to find the effective mass tensor
(mij)
−1 = 1
h¯2
d2E
dkidkj
. We will sometimes concentrate on
mmin, the smallest eigenvalue of mij , which helps deter-
mine the largest value of the conductivity tensor at low
temperature. We will also consider miso = (m1m2m3)
1
3 ,
the isotropic effective mass, where m1, m2, and m3 are
the eigenvalues of mij .
A related band structure descriptor we calculate is a
version of the effective mass based on the density of states
(DOS):[31, 74, 75]
mDOS(E) = h¯
2 3
√
pi4g(E)g′(E) (6)
mDOS(T, nd) =
∫
dE g(E)mDOS(E)(− dfdE )
dE g(E)(− dfdE )
. (7)
In this expression, g(E) is the DOS at energy E, f(E)
is the Fermi function, and T and nd are the temper-
ature and doping. This definition of mDOS matches
meff for a single parabolic band, but it is higher for
non-parabolic bands or when multiple bands contribute
to the conduction. These features allow mDOS to give
5a good description of the Seebeck coefficient for many
materials[31, 74, 75].
E. Materials selection and screening procedure
We are interested in discovering new n-type thermo-
electric oxides, nitrides, or sulfides. As there are over
80,000 entries with oxygen in the ICSD, there is a need
to significantly limit our search space before proceeding.
Previous experimental and theoretical work on thermo-
electrics has suggested that good thermoelectrics tend to
have anisotropic and non-parabolic bands and high den-
sities of states, all of which can be created by empty
d-orbitals[33, 40, 76–78]. Furthermore, materials with
empty d orbitals can usually be doped n-type, with some
carriers occurring naturally due to oxygen vacancies[1–3].
Therefore, in this work, we focus on materials containing
at least one of Y, Sc, Ti, Zr, Hf, Nb, Ta, Mo, or W as
well as at least one of O, N, or S. In order to limit com-
putational time, we restrict our search set to structures
with primitive unit cell volumes of less than 300 A˚3.
Our screening procedure proceeds in several steps,
with each step becoming more computationally expen-
sive. First, we calculate the band gap of all our our start-
ing materials (766 compounds) and eliminate the metals.
For materials with a gap (592 materials), we calculate the
Seebeck coefficient, S, and electronic conductivity, σ/τe.
For materials with a high power factor (191 materials),
we then calculate the Debye temperature using Eq. 2.
Finally, for a subset of 19 materials with high power fac-
tor and/or low Debye temperature, we calculate κSlackl
with Eq. 5. Results are presented in table II with further
details in the supplementary materials.
III. RESULTS AND DISCUSSION
We performed our screening procedure starting with
766 compounds from the ICSD as discussed in Sec. II E,
consisting of 661 oxides, 60 nitrides, and 71 sulfides (some
compounds contain multiple anions). Of that list, we find
592 materials with band gaps according to DFT+U (551
oxides, 53 nitrides, and 25 sulfides). For these materials,
we calculate S and σ/τe for a variety of temperatures and
dopings.
If we sort this list of candidate materials by esti-
mated power factor, S2σ/τe, at 700 K and with opti-
mized doping, we rediscover several compounds that have
previously been measured to have good n-type thermo-
electric properties. For example, doped TiO2, SrTiO3,
KTaO3, and TiS2 have all been measured to have promis-
ing power factors and show up highly in our list[1–
3, 9, 10, 33, 35, 79–82]. This gives us confidence that our
screening procedure is useful. In addition to these pre-
viously measured materials, there are a variety of com-
pounds which have not been studied for thermoelectric
applications and which may have properties that are su-
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FIG. 2: |S| (µV/K) versus σ/τe (103 Smfs ) for the entire
dataset, at T=700K and doping at 1021 cm−3. The color
scale indicates size of power factor, S2σ/τe.
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FIG. 3: Thermoelectric properties of the entire dataset, at
fixed T=700K nd = 10
21 cm−3. a) mDOS versus S, b) 1/mmin
versus σ/τe, where mmin is the smallest component of mij ,
c) DOS at EF versus the power factor, and d) m
2
DOS/mmin
versus the power factor.
perior to existing materials. In table II, we list some of
our most promising candidate materials, including those
with high S2σ/τe and a few with moderate S
2σ/τe and
low κl. We remove structures that are minor distortions
of other structures on the list, that have missing atoms
in the ICSD, or that are only theoretically proposaled
structures; full results are presented in the Supplemen-
tary Materials.
We begin our analysis by looking for patterns in the
entire dataset. First, we note that under the rigid band
6TABLE II: Thermoelectric properties of the most promising compounds. The first five columns consist of the compound
name, its space group number, the DFT+U band gap (eV), the isotropic effective mass. The next several columns are the
DOS, mDOS (see Eq. 6-7), S, and σ/τe, all evaluated at at 700 K and fixed 10
21cm−3 doping. The next column is S2σ/τe at the
optimized doping and at 700 K, and following column is that optimized doping. The last column is the modeled lattice thermal
conductivity at 300 K. Materials with − as κl have unstable phonon modes or we were unable to converge the Gruneisen
parameter.
Material Space Grp. Band Gap miso DOS mDOS S σ/τe S
2σ/τe Opt. Doping κl
(eV) (103 eV−1A˚−3) (µV/K) 10−3 S
m fs
103 W
m K2fs
(1021cm−3) W
mK
CaTaAlO5 15 4.0 2.8 4.08 5.0 -189 42.9 1.7 3 −
TiO2 225 1.7 1.1 1.53 17.0 -305 9.6 1.7 8 −
LiNbO3 161 3.5 2.1 3.92 7.0 -245 23.4 1.6 2 40
TiO2 136 2.1 2.2 3.63 7.5 -250 20.7 1.6 3 <1
HfS2 164 1.6 1.6 5.51 2.7 -165 56.9 1.5 1 3.4
NaNbO3 63 1.8 3.8 1.89 0.8 -268 75.6 1.4 4 −
Ba2TaInO6 225 4.3 2.3 2.75 10.0 -285 12 1.4 5 −
YClO 129 5.1 1.1 3.20 6.6 -182 32.2 1.4 3 6.0
LiTaO3 161 3.8 2.9 5.50 3.4 -204 36.3 1.4 1 34
Li2ZrN2 164 1.9 0.6 5.10 3.5 -178 42.5 1.4 2 19
CaTiSiO5 15 3.2 4.0 4.28 6.4 -229 25.5 1.3 2 1.1
HgWO4 15 2.4 1.5 4.22 3.5 -171 46.5 1.3 2 −
P2WO8 12 2.3 11.8 6.01 3.5 -150 56.1 1.3 0.7 6.5
ZrS2 164 1.1 1.6 4.88 3.3 -172 45.1 1.3 2 22
TaPO5 85 3.7 2.6 4.38 4.1 -160 49.5 1.3 2 −
LaTaO4 36 3.4 2.9 5.13 3.7 -183 38.1 1.3 2 26
NbTl3S4 217 2.3 0.9 3.59 8.6 -246 19.2 1.3 2 −
SrTaNO2 140 0.9 0.7 3.31 1.8 -109 122.6 1.3 0.3 −
TiS2 164 0.4 0.4 4.73 3.7 -171 42 1.3 2 5.3
PbTiO3 99 2.0 0.6 3.68 1.7 -489 35.3 1.2 7 16
Sr2TaInO6 225 4.3 2.1 2.65 10.0 -266 10.4 1.2 6 −
SrTiO3 140 1.2 1.3 3.56 1.6 -165 39.5 1.2 6 −
NaNbN2 166 1.1 0.8 3.70 3.3 -142 42 1.1 4 −
HfTaNO3 25 2.0 0.8 4.22 2.4 -122 73 1.1 0.6 −
KNbO3 99 1.6 3.0 1.82 1.3 -367 75.5 1.1 3 −
HfSiO4 141 5.8 2.7 4.36 6.3 -276 18.8 1.1 2 190
Y2O3 164 4.2 1.0 3.44 3.7 -122 41.8 1.1 4 5.8
ZrO2 225 3.7 1.1 3.78 4.6 -145 18.7 1.1 10 −
CdTiO3 62 2.5 1.0 5.2 4.4 -205 20.7 0.9 2 <1
CaTiO3 62 2.7 1.1 5.23 3.5 -170 26.8 0.8 1 <1
Y2Ti2O7 227 3.1 1.1 2.21 10.7 -224 11.4 0.6 2 <1
model used in this work, most materials have optimal
dopings of about 1021 cm−3, which corresponds to dop-
ings on the order to 10%. While this is much higher
than typical semiconductor thermoelectrics, it is consis-
tent with the behavior of oxides like SrTiO3[1–3, 9, 10].
Reaching such high doping values may be difficult in
practice, and will require further experimental and theo-
retical work (see for instance [83]). In this work we con-
centrate on identifying promising materials for further
optimization.
In Fig. 2, we plot the values of S versus σ/τe, at 700K
and for a fixed doping of 1021 cm−3. The color scale
shows the value of S2σ/τe[86]. There is a clear trade-off
between S and σ/τe, which is consistent with the be-
havior of simple parabolic bands where S ∝ meff and
σ ∝ 1/meff , where meff is the effective mass[4]. The
best materials do not maximize either S or σ/τe, but in-
stead have S and σ/τe values in the center of observed
range, but with a larger combination than is typical. In
the following sections, we explore in more detail how
some of these individual materials achieve this higher
than expected combination of S and σ/τe.
The trade-off between S and σ/τe makes finding a sim-
ple descriptor of the power factor in terms of features of
the band structure very difficult, even though we can
relate σ and S individually to features in the band struc-
ture. In table III, we present Spearman rank correlations
between several thermoelectric properties and various de-
scriptors of the band structure, and several of these rela-
tionships are plotted in Fig. 3.
For example, we find that the smallest value of the ef-
fective mass tensor, mmin, is highly correlated with σ/τe,
and we plot this relationship in Fig. 3b. Unsurprisingly,
materials with small effective masses usually have high
conductivities, although this relationship can be compli-
cated by anisotropy in the effective mass tensor or by
many bands contributing to the conduction. Similarly,
as shown in Fig. 3a, we find that we can model the See-
7TABLE III: Spearman rank correlation matrix of various
band structure descriptors and thermoelectric quantities at
700 K and at a fixed doping of 1021 cm−3. S2σ/τe is the power
factor, |S| is the absolute value of the Seebeck coefficient, σ/τe
is the electrical conductivity, mmin is the minimum value of
mij , the effective mass tensor, mDOS is defined in Eq. 7, and
DOS is the density of states at the Fermi level. Correlations
with absolute value above 0.65 are in bold.
Quantity S2σ/τe |S| σ/τe mmin mDOS DOS
S2σ/τe − 0.44 0.07 -0.03 0.22 0.67
|S| 0.44 − -0.81 0.66 0.84 0.43
σ/τe 0.07 -0.81 − -0.81 -0.83 -0.21
mmin -0.03 0.66 -0.81 − 0.74 0.28
mDOS 0.22 0.84 -0.83 0.74 − 0.32
DOS 0.67 0.43 -0.21 0.28 0.32 −
beck coefficient as S ∝ mDOS(T, nd) (see Eq. 7).
Despite these relatively strong relationships for S and
σ in terms of certain definitions of the effective mass,
we find that the combination of m2DOS/mmin has only a
weak correlation with S2σ/τe, as plotted in Fig. 3d. The
problem is that as shown in table III, the two definitions
of the effective mass are strongly correlated with each
other, and dividing one by another does not produce a
useful descriptor. Other quantities like miso have similar
problems. Furthermore, all of the effective masses, as well
as S and σ/τe, are strongly correlated or anti-correlated
with each other, but none are by themselves strongly cor-
related with the power factor. This can be understood
in part by looking at Fig. 2, which shows that the best
materials do not lie at the extreme of either S or σ/τe,
but they instead have an atypical relationship between S
and σ/τe. Finding a simple descriptor of that relation-
ship is difficult when the stronger trend is the trade-off
between S and σ/τe. In addition, in many anisotropic
materials, the Seebeck coefficient and conductivity are
not maximized in the same direction, which makes find-
ing a simple descriptor for the maximum power factor
more difficult. Finally, as we will see below, all of our
best materials have unusual band structures with some
combination of high anisotropy, non-parabolic behavior,
and multiple bands contributing to the conduction, and
identifying these qualities requires going beyond a simple
effective mass description of parabolic bands.
The best simple descriptor we found for S2σ/τe does
not include any effective mass, but instead is just the
DOS evaluated at the relevant doping and temperature,
as shown in Fig. 3c. While there is a clear relationship
between the DOS and the power factor, many high DOS
materials have low power factors, making a high DOS a
useful design criterion but not a sufficient condition for
good thermoelectric performance.
In the following sub-sections, we will investigate the
band structures of some of the materials in table II, in
order to evaluate the mechanisms that allow these partic-
ular materials to minimize the trade-off between S and
σ. We find that these materials separate roughly into
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FIG. 4: Band structure of cubic SrTiO3. Energies are rela-
tive to the Fermi level.
three classes of materials, although some materials fall
into several classes. In general, the mechanisms for high
power factors consist of combining a large number of flat
bands near the conduction band minimum with at least
some highly dispersive bands. This combination allows a
large number of carriers, some of which are in dispersive
bands, increasing σ, while at the same time keeping the
Fermi level near the conduction band minimum, where
|S| is largest, mitigating the typical trade-off.
A. Symmetry driven degeneracy
This group of promising thermoelectrics contains ma-
terials that have symmetries (or near symmetries) which
cause degeneracies in the conduction band minimum.
This degeneracy increases the DOS for any given Fermi
level, relative to a material without degeneracies. These
degeneracies can be due to a single degenerate minimum
in Brillouin zone, or they can be due to a band structure
with a conduction band minimum which is repeated due
to symmetry.
In addition to having degeneracies, the conduction
bands of these materials all consist of empty tran-
sition metal d-orbitals that have highly anisotropic
dispersions[33, 35, 40, 78]. These anisotropic band struc-
tures allow the material to have both low meff and
high meff bands at the same minimum, combining large
Seebeck coefficients with the high conductivity. Simi-
lar degeneracies and anisotropic bands are behind the
high power factors of several semiconducting materi-
als which rely of empty p-orbitals instead of empty d-
orbitals[27, 31, 40, 78].
All of these features are present in the band struc-
ture of cubic SrTiO3, as shown in see Fig. 4, which is
known to be a good n-type thermoelectric. SrTiO3 has a
single triply degenerate conduction band minimum at Γ
due to the t2g states originating from the Ti-d orbitals.
These bands have highly anisotropic dispersions, with
one nearly flat band (meff = 6.3) and two highly dis-
persive bands (meff = 0.4) going from Γ to X. The
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Hf
S
FIG. 5: a) Band structure of HfS2. b-c) Side and top views
of HfSS . Larger gray atoms are Hf, smaller yellow atoms are
S.
combination of high degeneracy and high effective mass
bands with very low effective mass bands, which allow
for high conductivity, is what allows SrTiO3 to escape
the normal trade-off between S and σ/τe.
Similar features are present in many of the other per-
ovskite variants which we find to be candidate thermo-
electrics (SrTiO3, PbTiO3, NaNbO3, LiNbO3, KNbO3,
LiTaO3, Ba2TaInO6, CaTiO3, Sr2TaInO6, SrTaNO2). In
addition, various phases of TiO2 and ZrO2 have similar
features which lead to high power factors. Many of these
materials have been studied as thermoelectrics before,
and the mechanisms leading to their power factors are
relatively well-known[27, 31, 33, 35], so we will proceed
with a discussion of the next two groups.
B. Low dimensional conductors
While all of the structures studied in this work are
three dimensional, in many cases the atoms which dom-
inate the conduction band minima are arranged in
two-dimensional layers, one-dimensional lines, or zero-
dimensional dots, which leads to effectively low dimen-
sional conduction. In some cases, the material itself con-
sists of weakly bound layers, while in others there are
strong bonds in all three directions, but the transition
metals are arranged in a low-dimensional way.
Reducing the effective dimensionality of a material
results in highly anisotropic conduction bands and an
increased DOS at the bottom of bands, which can in-
crease the power factor[77, 78, 84]. The idea of im-
proving the power factor of a candidate thermoelectric
a)
b)                                             c)
O
Ta
Al
Ca
FIG. 6: a) Band structure of CaTaAlO5. b-c) Top and
side views of CaTaAlO5. Large yellow atoms are Ca, medium
gray atoms are Ta, smaller magenta atoms are Al, smallest
red atoms are O.
by reducing its dimensionality and therefore increasing
its DOS is well-known, and has been shown in SrTiO3
superlattices[76, 85]. We note that here we are consider-
ing thermodynamically stable materials, rather than ar-
tificial superlattices, nanowires, or quantum dots, which
should reduce manufacturing costs and increase thermo-
dynamic stability.
We present two examples of effectively low dimensional
materials which we predict have high power factors.
First, in Fig. 5, we show the band structure and atomic
structure of HfS2, which consists of weakly bound two-
dimensional hexagonal trilayers. The conduction bands
are very flat from M to the minimum at L (meff = 4.5),
characteristic of two-dimensional materials, but they are
much more dispersive in other directions (meff = 0.3).
Second, in Fig. 6, we show the band structure and
atomic structure of CaTaAlO5, which consists of TaO6
octahedra arranged into one-dimensional columns that
are separated from each other by Ca ions and AlO4
tetrahedra. This arrangement of Ta atoms leads to an
anisotropic band structure with very flat bands from Γ
to Y (meff = 2.4) but stronger dispersion from Γ to A
(meff = 0.5). There are additional nearly degenerate
conduction band minima at Y which also contribute to
the DOS. In HfS and CaTaAlO5, the high DOS and the
strong anisotropy, which are caused by the low dimen-
sionality, create the conditions for a high power factor.
Within our set of candidate thermoelectrics, ZrS2,
TiS2, HfS2, YClO, CaTiSiO5, WP2O8, TaPO5, NaNbN2
have quasi-two-dimensional structures, CaTaAlO5,
HgWO4, LaTaO4, and HfSiO4 have quasi-one-
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FIG. 7: Band structure of Sr2TaInO6. Bands with greater
then 35% In content are colored red, others are black.
dimensional structures, and NbTl3S4, Ba2TaInO6,
and Sr2TaInO6 have quasi-zero-dimensional structures,
as their transition metals are separated from each other.
There are other possible advantages in using low-
dimensional materials as thermoelectrics besides the in-
creased DOS, including potentially lower thermal con-
ductivity, due to phonon scattering from the atomic
layers, as well as the ability to physically separate
dopants from conducting channels, which can reduce elec-
tron scattering. One disadvantage is that the thermo-
electric properties of low-dimensional materials will be
anisotropic, resulting in reduced efficiency in polycrys-
talline samples.
C. Accidental Degeneracies
One final mechanism for increasing the power factor of
an n-type oxide is to find or engineer a material with ac-
cidental degeneracies of the conduction band minimum.
While this can happen for physically similar bands which
happen to be degenerate at different points in the Bril-
louin zone, here we consider cases where the bands come
from different orbitals and have different effective masses.
For example, in the double perovskite Sr2TaInO6, the
conduction band consists of both Ta d-states and In p-
states, which happen to be at similar energies (see Fig. 7,
which highlights the In states in red). The In states have
low effective masses (meff = 0.2−0.3) while the Ta states
have much higher effective masses (meff = 13− 62), al-
lowing the material to take advantage of both types of
bands, in addition to the increased DOS provided by the
near degeneracy. The large effective masses of the Ta-
d bands are caused by small overlap between them and
many of the neighboring In-p orbitals, which results in
very flat bands, which contribute to a high DOS and
high power factor.
Similar materials with two different atoms contributing
to the conduction are HgWO4, Ba2TaInO6 and NbTl3S4,
where the Hg(+2), In(+3) and Tl(+1) ions, contribute
empty s/p-bands at similar energies to the transition
metal d-bands. In addition, in both YClO and Y2O3, the
empty s and d-states of the Y atoms are both located near
the conduction band minimum, which results in similar
behavior to the case where the orbitals come from dif-
ferent atoms. Depending on the crystal structure and
the anions, it may be possible to engineer empty s-bands
from Cu, Zn, Ag, Cd, Au, or Hg or p-bands from In, Sn,
Tl, Pb, or Bi to become degenerate with transition metal
bands in this fashion. This type of engineering could al-
low one material to take advantage of the high Seebeck
coefficients of transition metal oxides while incorporating
the higher mobility of semiconductors, which often have
empty s or p orbitals from main group elements. The
exact alignments of empty states from different atoms
is difficult to predict using DFT+U, so further study of
these materials to determine the band alignments more
precisely may be necessary.
D. Thermal Conductivity
Due to the high computational cost, we were not able
to calculate the thermal conductivity of our full dataset.
For 191 compounds, we calculated the Debye tempera-
ture (see Eq. 2), which is fairly strongly correlated with
thermal conductivity (see table II and supplementary
materials). Calculations of the Debye temperature are
both less sensitive to the q-point sampling of the phonon
band structure than the Gruneisen parameter and require
the phonons at only one volume, making the computa-
tions much faster.
We find that in our set of transition metal oxides, ni-
trides, and sulfides, there is relatively little variation in
the Debye temperature (mean of 342 K, standard devia-
tion of 66 K), as compared to our test dataset of simple
binary and ternary semiconductors (mean 319 K, stan-
dard deviation 234 K). This is likely due to the fact that
all of our compounds contain ionic bonds between light
anions and medium to heavy transition metals, while the
test dataset contains a range of bonds, from covalent to
ionic, and a range of atom masses. In both datasets,
there is a significant correlation between V −1 and the
Debye temperature, with a correlation coefficient of 0.68
in the oxides, and 0.88 in the test set. This suggests
that looking at oxides with larger unit cells could be
beneficial[31, 66].
Due to the relatively weak variation in the Debye tem-
perature throughout our set of oxides, the Gruneisen pa-
rameter becomes more important to identify the materi-
als likely to have low thermal conductivity. Many of the
oxides we consider have soft or unstable phonon modes,
which likely results in strong anharmonicity and low ther-
mal conductivity, but this is difficult to quantify without
more involved calculations. Due to the large computa-
tional cost, we are only able to calculate the Gruneisen
parameter of the materials in table II. We do not have a
large enough database of oxide Gruneisen parameters to
identify any trends which would predict which materials
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will have soft modes without doing phonon calculations.
As shown in table II, many of the materials we have
identified as having promising power factors also have low
thermal conductivity according to our model. Most of the
perovskite materials we study have strongly anharmonic
modes, which leads to relatively low thermal conductiv-
ities, both in our calculations and in experiment[73]. In
addition, we find that many of the materials with one or
two dimensional bonding also have soft modes, likely due
to the fact that many of the atoms are relatively free to
vibrate in at least one direction.
IV. CONCLUSIONS
We have used high throughput first principles calcu-
lations to search for n-type transition metal oxides, ni-
trides, and sulfides which are promising for thermoelec-
tric applications. We find many materials with estimated
power factors which are comparable to or surpass previ-
ously studied oxide thermoelectrics.
Across the entire sample of compounds, we find the
expected correlations between the Seebeck coeffient and
electrical conductivity with the effective mass and inverse
effective mass, respectively, of the conduction band elec-
trons. However, to find materials with high power fac-
tors, it is necessary to look for materials which are not
well described by a single parabolic band, but instead
have degeneracy, anisotropy, or other features which re-
sult in a high density of states combined with disper-
sive bands at the Fermi level. These materials achieve
their high power factors due to some combination of
symmetry-enforced degeneracies, low dimensionality, or
accidental degeneracies. In addition, we use phonon cal-
culations to model the thermal conductivity of our best
candidates, and we find many that have low lattice ther-
mal conductivity or that require anharmonic stabilization
of the harmonic modes. We hope further work on these
materials, as well as the understanding gained by exam-
ining the mechanisms which lead to high power factors in
oxides, will lead to improved thermoelectric performance
in oxides.
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Supplementary materials for “First principles search for n-type oxide, nitride, and sulfide thermoelectrics.” Includes
larger thermoelectric dataset and data for thermal conductivity testing, as well as some details of Wannier construction.
I. WANNIER STATES
Table I contains a list of Wannier states included in the valence by default.
II. THERMAL CONDUCTIVITY
Table II contains the testing of our thermal conductivity method. κBjergl uses the original method of Bjerg et.
al.[63]. κSlackl uses the method used in the main text (see Eqs. 2-5 in main text). The Debye temperature and
Gruneisen parameter follow the definition of Bjerg (Eq. 2-4 in main text), but with the Slack formula to combine
TABLE I: List of states to include in Wannierization.
Atom states
H s
He s
Li s
Be s,p
B s,p
C s,p
N p
O p
F p
Ne s,p
Na s,p
Mg s,p
Al s,p
Si s,p
P p
S p
Cl p
Ar s,p
K s,d
Ca s,d
Sc s,d
Ti s,d
V s,d
Cr s,d
Mn s,d
Fe s,d
Co s,d
Ni s,d
Cu s,d
Zn s,p,d
Ga s,p
Ge s,p
As s,p
Se s,p
Br s,p
Kr s,p
Rb s,d
Sr s,d
Y s,d
Zr s,d
Nb s,d
Mo s,d
Tc s,d
Ru s,d
Rh s,d
Pd s,d
Ag s,d
Cd s,p
In s,p
Sn s,p
Sb s,p
Te s,p
I s,p
Xe s,p
Cs s,d
Ba s,d
La s,d,f
Hf s,d
Ta s,d
W s,d
Re s,d
Os s,d
Ir s,d
Pt s,d
Au s,d
Hg s,p,d
Tl s,p
Pb s,p
Bi s,p
Po s,p
At s,p
2TABLE II: Thermal conductivities at 300 K. hh stands for half-Heusler.
Material Struct. Vol Debye Temp. Gruneisen κ
Bjerg
l
κSlack
l
κ
Reference
l
Bohr3 (K) W/(m K) W/(m K) W/(m K)
KAgTe hh 583 138 5.2 0.3 0.3 0.5
BaLiSb hh 613 226 2 6.1 8.2 0.6
AgCl rocksalt 272 167 3.4 1.1 0.6 1
SrPdTe hh 530 137 3.4 0.5 0.7 1.2
SnTe rocksalt 418 124 6.3 1.5 0.1 1.5
AgTeLi hh 467 213 1.9 2.7 6.2 1.5
NaI rocksalt 445 165 1.5 2.6 4.8 1.8
KBiSr hh 880 117 1.2 3.9 5.2 2
PbSe rocksalt 382 132 2.3 2 1.7 2
BaSnSr hh 899 107 1.1 4.5 4.6 2
BaBiK hh 954 104 1.2 3 3.9 2.2
BaO rocksalt 283 225 2.2 4.6 4.3 2.3
RbI rocksalt 655 88 1.5 2.2 1.1 2.3
HgTe ZnS 469 143 2.3 2 2.7 2.5
PbTe rocksalt 450 109 2 2.6 1.5 2.5
KI rocksalt 581 119 1.4 3.3 2.5 2.6
CaSbK hh 767 158 1 8.3 10.9 2.7
NaBr rocksalt 353 184 1.6 2.3 3.2 2.8
RbCl rocksalt 472 142 1.4 3.4 2.7 2.8
PbS rocksalt 346 191 2.6 3.2 3.2 2.9
HgSe ZnS 391 175 3.2 1.6 1.9 3
LiBiSr hh 695 187 1.3 9.6 14.4 3
KBr rocksalt 474 138 1.4 3.3 2.4 3.4
RbBr rocksalt 541 101 2.4 5.1 0.4 3.8
NaBeP hh 299 425 2.4 13.1 6.9 4.1
CdSe ZnS 381 202 1.7 6.5 7.5 4.4
AsPdY hh 421 194 1.6 5.7 7.7 5.5
KCl rocksalt 411 173 1.5 4.4 2.6 7.1
NaCl rocksalt 298 218 1.5 4.4 3.4 7.1
CdTe ZnS 464 167 1.6 5 6.4 7.5
NaGeY hh 533 209 1 15.2 19.5 8.1
SrO rocksalt 227 321 1.6 14.3 15.1 12
LiH rocksalt 106 997 1.1 78.5 59.4 15
ScCoSe hh 314 272 1.4 18.3 17.8 15
NbRhSi hh 337 316 1.1 52.9 51.7 15.3
GePtTi hh 350 261 1.4 23.5 28.4 16.9
LiF rocksalt 109 448 1.8 9.6 6.5 17.6
SnNiTi hh 341 270 1.2 24 29.3 17.9
ZnTe ZnS 379 208 0.9 25 31.5 18
InSb ZnS 467 188 1.3 11.7 16.0 18.3
NaF rocksalt 169 331 1.4 13.1 8.8 18.4
BiCoHf hh 388 214 1.6 17.9 16.5 18.6
SbNiSc hh 371 253 1.3 17.4 19.7 19.5
SnNiZr hh 377 241 1.2 27.4 26.0 19.6
HfRhSb hh 410 207 1.3 19.8 20.7 21.8
AsRuV hh 316 284 1.2 29 32.3 23.5
AsCoZr hh 324 273 1.5 20.9 19.0 24
SbCoZr hh 369 252 1.4 25.3 20.9 25
CaO rocksalt 183 415 1.6 20.3 16.3 27
ZnS ZnS 260 350 0.8 80.7 92.8 27
SbOsTa hh 396 211 1.4 20.3 21.8 29.6
InAs ZnS 381 234 1.1 24 31.3 30
GaPtTa hh 363 214 1.2 29.9 30.9 32.9
SiCoTa hh 292 352 1.1 64.5 88.4 37.8
GaSb ZnS 385 232 0.9 35.4 42.4 40
GaAs ZnS 307 286 0.8 73.3 82.5 45
InN wurtzite 418 445 0.8 223.8 308.8 45
AlSb ZnS 393 329 1 53.5 78.0 56
MgO rocksalt 126 580 1.6 43.8 29.3 60
ZnO wurtzite 317 421 1 67.5 79.7 60
Ge diamond 308 297 0.8 70.2 76.7 65
AlP ZnS 276 481 0.9 121.8 106.2 90
InP ZnS 342 343 0.9 77.6 113.4 93
AlAs ZnS 309 383 0.9 102.1 111.0 98
GaP ZnS 272 402 0.7 159.5 184.2 100
NbFeP hh 281 366 1.3 41.9 43.1 109
PbNiTi hh 358 244 1.4 14.2 22.1 109
Si diamond 270 528 1 137.9 116.5 166
GaN wurtzite 308 541 0.7 374.9 392.4 210
AlN wurtzite 283 647 0.4 849.8 554.9 350
BP ZnS 156 867 0.6 1313.1 845.5 350
BeO wurtzite 186 750 0.4 821.9 454.3 370
SiC wurtzite 279 738 0.5 1227.7 773.3 490
BN ZnS 79 1294 0.7 2563.5 973.1 760
C diamond 76 1493 0.7 3935.7 1368.9 3000
them (Eq. 5 in main text), times 0.7, an empirical correction. The reference thermal conductivities are from the
experimental and first principles thermal conductivities collected in Ref. 65, largely from Refs. 62, 72, see references
therein.
III. ALL RESULTS
Table III contains our large dataset of results. The table is labeled like the main table in the text. The extra columns
are the ICSD entry number for beginning the relaxation, the volume, and near the end, the Debye temperature in
Kelvin and the maximal S2σ/τ at 700 K, but for p-type doping.
3TABLE III: Full results table.
Material Space Grp. ICSD Vol. Band Gap meff DOS mDOS S σ/τ S
2σ/τ Opt. Doping Debye T S2σ/τ
A˚3 (eV) (103 eV−1A˚−3) (µV/K) 10−3 S
m fs
103 W
m K2fs
(1021cm−3) K p-type
NaCoO2 166 96428 76.0 1.9 − − − -175.1 35.3 2.47 9.0 − 1.53
FNTi 59 290034 73.9 1.0 4.8 3.3 3.9 -386.1 36.4 2.25 5.0 420.2 0.64
AlCaO5Ta 15 50718 200.9 4.0 1.2 4.1 5.0 -189.1 42.9 1.74 3.0 340.2 0.37
O2Ti 225 189325 28.0 1.7 1.6 1.5 17.0 -305.3 9.6 1.68 8.0 570.1 0.98
LiNbO3 161 28300 104.8 3.5 1.3 3.9 7.0 -244.7 23.4 1.56 2.0 348.4 0.75
O2Ti 136 85494 63.4 2.1 1.0 3.6 7.5 -250.3 20.7 1.56 3.0 411.4 0.43
HfS2 164 638851 70.4 1.6 1.3 5.5 2.7 -164.8 56.9 1.54 1.0 289.5 0.67
NaNbO3 63 22065 123.1 1.8 0.8 1.9 0.8 -267.5 75.6 1.43 4.0 329.8 1.00
Ba2InO6Ta 225 261481 141.9 4.3 0.4 2.8 9.9 -285.4 12.0 1.41 5.0 287.0 1.16
ClOY 129 60586 103.9 5.1 0.6 3.2 6.6 -181.7 32.2 1.39 3.0 − 1.12
LiO3Ta 161 108874 105.0 3.8 1.1 5.5 3.4 -204.1 36.3 1.38 1.0 350.4 0.81
Li2N2Zr 164 262744 50.0 1.9 1.1 5.1 3.5 -178.3 42.5 1.36 2.0 475.1 0.86
CaO5SiTi 15 89772 185.0 3.2 2.3 4.3 6.4 -228.5 25.5 1.35 2.0 362.9 0.45
O3Ta2 12 263120 112.4 0.1 0.3 4.5 2.9 -88.3 171.8 1.34 1.0 331.5 0.30
HgO4W 15 169668 163.1 2.4 1.0 4.2 3.5 -170.9 46.5 1.33 2.0 363.7 0.53
O8P2W 12 24067 304.3 2.3 2.9 6.0 3.5 -150.2 56.1 1.32 0.7 409.1 0.18
S2Zr 164 182675 68.5 1.1 1.0 4.9 3.3 -171.3 45.1 1.32 2.0 300.0 0.66
O2Ti 60 158778 124.3 2.8 2.1 1.1 15.0 -334.0 6.9 1.30 6.0 332.6 1.09
O5PTa 85 87281 166.2 3.7 1.1 4.4 4.1 -159.7 49.5 1.30 2.0 448.9 0.87
LaO4Ta 36 97688 166.7 3.4 1.4 5.1 3.7 -182.6 38.1 1.30 2.0 323.2 0.70
O2Ti 29 189327 124.3 2.8 2.1 1.1 15.0 -333.6 6.9 1.29 6.0 332.7 1.08
NbS4Tl3 217 600246 216.3 2.3 0.8 3.6 8.6 -245.5 19.2 1.26 2.0 − 0.55
NO2SrTa 140 411137 127.6 0.9 0.6 3.3 1.8 -109.0 122.6 1.25 0.3 328.4 1.90
S2Ti 164 174489 58.7 0.4 1.0 4.7 3.7 -170.6 42.0 1.25 2.0 322.9 0.65
O3PbTi 99 162044 62.9 2.0 7.0 3.7 1.7 -488.8 35.3 1.21 7.0 393.5 0.56
FeO3Ti 63 246516 98.7 1.6 − − − -170.2 36.8 1.19 3.0 − 0.57
NY 216 161077 37.1 1.9 0.3 4.2 6.0 -174.7 30.4 1.19 3.0 − 1.43
InO6Sr2Ta 225 188420 135.6 4.3 0.3 2.6 10.0 -266.0 10.4 1.18 6.0 333.6 1.47
O3SrTi 140 290619 152.6 1.2 1.4 3.6 1.6 -165.3 39.5 1.18 6.0 318.5 1.80
LiNbO3 167 169693 105.5 2.6 1.0 5.1 2.7 -152.7 51.1 1.16 0.9 343.3 1.56
NaNbO2 194 73111 86.3 1.6 1.0 4.9 4.5 -215.8 19.8 1.15 4.0 363.1 0.34
N2NaNb 166 657407 46.8 1.1 0.7 3.7 3.3 -142.0 42.0 1.15 4.0 470.0 1.06
HfNO3Ta 25 186407 65.1 2.0 1.0 4.2 2.4 -122.3 73.0 1.14 0.6 − 0.56
HfNO3Ta 25 186407 65.1 2.0 1.0 4.2 2.4 -122.3 73.0 1.14 0.6 457.6 0.56
KNbO3 99 9532 63.7 1.6 0.9 1.8 1.3 -367.0 75.5 1.13 3.0 403.4 0.96
NaNbO3 33 247316 235.5 2.3 1.7 3.5 2.4 -240.5 55.1 1.13 2.0 258.5 1.00
HfO4Si 141 59111 132.1 5.8 2.7 4.4 6.3 -276.3 18.8 1.09 2.0 438.1 0.77
O3Y2 164 160204 68.9 4.2 0.4 3.4 3.7 -122.2 41.8 1.09 4.0 − 0.95
O3Y2 164 181827 68.9 4.2 0.4 3.5 3.7 -121.9 41.8 1.08 4.0 − 0.95
S2Ti 12 79803 86.0 0.5 15.6 5.4 2.8 -157.6 42.9 1.07 0.8 319.6 0.41
O2Zr 225 92096 33.0 3.7 1.0 3.8 4.6 -144.8 18.7 1.07 10.0 520.1 1.31
LiNbO2 194 451 74.8 1.8 2.9 4.6 5.4 -255.9 14.2 1.03 3.0 382.1 0.46
CaO3Ti 140 162919 112.1 2.7 2.3 5.3 3.4 -183.9 38.2 1.03 0.9 309.3 1.28
BaNb2O6 14 39272 246.4 2.6 1.6 5.4 3.4 -175.8 33.0 1.02 2.0 285.9 0.96
O2Zr 29 67004 136.7 4.0 2.6 4.1 6.5 -257.7 16.6 1.02 2.0 323.2 0.93
NbO5P 129 51147 169.8 3.4 2.0 3.8 8.6 -273.2 11.6 1.01 10.0 437.4 0.81
Br2NbO 5 416669 185.4 1.2 1.3 3.8 1.8 -120.1 66.2 0.98 0.7 244.8 0.37
LiNbO6W 113 202779 202.8 2.5 0.9 3.7 8.1 -241.6 15.0 0.96 2.0 311.4 0.21
O6Sr2TaY 87 247457 140.3 4.1 0.4 5.1 2.5 -148.7 43.4 0.96 0.8 307.6 0.90
NaO3Ta 62 980 235.2 2.8 0.5 4.7 2.0 -136.3 51.4 0.95 0.7 256.5 0.98
O3W 221 108651 55.0 0.6 0.8 3.0 1.9 -85.9 93.1 0.95 0.3 516.6 0.97
NaNbO3 127 23563 118.4 1.7 0.4 3.5 1.8 -116.3 82.6 0.95 0.4 312.8 1.01
NbO5P 85 24110 168.7 3.5 2.7 3.4 9.8 -280.0 9.2 0.93 10.0 444.9 0.87
BaCd0.333O3Ta0.667 164 156335 215.8 3.6 0.8 4.8 4.3 -198.4 20.7 0.93 2.0 − 1.30
O3PbTi 123 29117 61.0 1.9 4.3 5.6 3.2 -174.5 30.5 0.93 1.0 369.9 0.81
NaNbO3 62 247315 234.3 2.1 0.5 4.6 2.0 -135.1 56.7 0.93 0.7 248.9 1.02
O3PbTi 47 27949 61.0 1.9 4.2 5.6 3.2 -174.8 30.4 0.93 1.0 369.8 0.81
O3PbTi 221 162043 61.0 1.9 4.1 5.6 3.2 -174.7 30.4 0.93 1.0 370.2 0.81
O3SnTi 221 186724 60.2 1.4 1.9 5.6 3.3 -173.8 30.7 0.93 1.0 401.5 0.35
NaNbO3 47 28578 61.1 1.7 1.0 4.3 1.8 -120.3 59.0 0.92 0.6 405.9 0.92
NaNbO3 221 31867 61.1 1.7 1.0 4.3 1.8 -120.2 59.0 0.92 0.6 405.9 0.92
NaNbO3 99 28583 61.1 1.7 1.0 4.3 1.8 -120.2 59.0 0.92 0.6 − 0.92
NaNbO3 10 28564 61.1 1.7 0.9 4.3 1.8 -120.2 59.0 0.92 0.6 − 0.92
NaNbO3 123 28587 61.1 1.7 1.0 4.3 1.8 -120.2 59.0 0.92 0.6 405.3 0.92
NaO3Ta 127 280101 119.0 2.4 0.5 3.4 1.7 -110.7 83.5 0.92 0.5 325.2 0.99
NaO3Ta 10 28606 61.4 2.4 0.9 4.3 1.9 -121.8 58.0 0.91 0.6 415.4 0.91
NaO3Ta 123 28615 61.4 2.4 0.9 4.3 1.9 -121.8 57.9 0.91 0.6 415.4 0.92
NaO3Ta 221 28617 61.4 2.4 0.9 4.3 1.9 -121.8 57.9 0.91 0.6 415.4 0.92
MnO3Ti 62 158732 209.1 1.7 − − − -206.7 19.8 0.91 2.0 − 0.26
NaNbO3 161 28152 119.0 2.7 0.8 5.2 3.1 -177.5 29.5 0.91 1.0 321.3 1.03
InO4Ta 13 72569 144.9 3.7 1.2 4.1 3.9 -186.1 24.4 0.90 2.0 336.1 0.86
O3W 191 32001 180.0 0.6 0.3 2.1 1.3 -59.2 133.0 0.90 0.2 362.0 1.03
Hg2O4W 15 90085 225.6 1.9 1.2 3.8 2.4 -147.3 57.3 0.90 1.0 308.5 0.45
O3Sc2 164 160203 56.7 3.8 1.0 3.7 5.1 -202.3 21.3 0.90 3.0 − 0.69
NaO3Ta 33 16687 235.2 2.7 0.5 4.5 2.1 -137 58.1 0.89 0.8 260.4 0.94
Ba2O6TaY 225 171175 150.4 3.6 2.2 4.8 2.4 -154.4 36.4 0.87 1.0 297.5 0.81
Ba3Nb2O9Zn 164 157044 203.2 3.0 0.8 4.8 4.3 -191.3 21.8 0.86 2.0 − 1.58
O3SrTi 46 182248 119.2 2.3 0.8 5.1 3.1 -166.1 34.5 0.86 1.0 304.1 0.94
Nb2O5 12 25765 97.0 2.2 0.7 3.6 2.5 -133.0 55.9 0.86 1.0 437.5 1.17
Al2O5Ti 63 24133 164.7 3.3 3.2 3.5 8.2 -246.2 11.0 0.86 3.0 − 0.43
MoS2 160 40081 52.6 1.1 0.6 4.2 3.7 -156.4 40.5 0.86 1.0 − 0.43
AgNbO3 221 55649 61.7 1.6 0.8 4.3 2.1 -121.1 55.3 0.85 0.6 387.2 0.77
Ba2BiO6Ta 225 154150 157.7 2.6 0.8 4.5 6.5 -206.1 18.8 0.85 2.0 278.8 0.37
CdO3Ti 26 51698 221.3 2.5 1.0 5.2 4.4 -204.7 20.6 0.85 2.0 240.5 0.77
CdO3Ti 33 262711 221.3 2.5 1.0 5.2 4.4 -205.3 20.4 0.85 2.0 240.8 0.75
O3W 7 84157 216.0 1.6 1.1 4.2 2.0 -170.4 60.1 0.85 0.7 351.2 1.09
CdO3Ti 62 62150 221.3 2.5 1.0 5.2 4.4 -204.7 20.7 0.85 2.0 236.6 0.76
O3W 130 50732 216.3 1.1 1.8 1.4 1.0 -563.6 106.1 0.85 3.0 355.8 1.26
NaO3Ta 63 88376 236.3 2.5 0.9 3.9 2.1 -163.5 66.4 0.85 1.0 260.6 1.03
CaNO2Ta 26 161824 241.6 1.5 0.6 4.2 2.5 -162.0 53.5 0.84 0.9 270.0 1.14
Ba2NbO6Y 225 172407 150.1 3.2 1.6 5.5 2.9 -162.4 31.7 0.84 0.9 290.9 0.82
CaO3Ti 62 185454 223.3 2.7 0.9 5.2 3.5 -185.5 26.8 0.84 1.0 253.1 0.81
Ba2O6TaY 87 171176 149.8 3.8 1.4 4.9 2.8 -160.9 42.7 0.84 0.7 284.8 0.91
O3W 14 84848 215.4 1.6 1.0 4.1 2.0 -175.3 60.4 0.84 1.0 351.4 1.09
O4SiZr 141 100248 132.1 4.9 4.8 3.6 8.0 -249.1 12.0 0.84 2.0 435.1 0.84
AgO3Ta 161 40830 120.8 2.4 1.0 4.4 2.4 -129.0 50.5 0.83 0.8 290.4 1.02
AgO3Ta 167 40831 120.8 2.4 1.0 4.4 2.4 -128.8 50.5 0.83 0.8 289.2 1.02
BaO3Ti 99 186457 63.9 2.1 1.2 5.0 3.2 -176.4 31.0 0.83 1.0 384.6 0.95
KO3Ta 221 56440 63.3 2.2 0.8 4.0 2.0 -117.4 57.6 0.82 0.7 402.8 0.88
Ba3O9SrTa2 164 27496 230.1 3.5 0.7 5.3 3.0 -155.7 33.8 0.82 0.9 271.9 0.65
BaO3Ti 99 100804 63.9 2.1 1.2 5.0 3.1 -173.6 31.1 0.82 1.0 − 0.95
Nb6O16Sr 38 60783 293.8 1.9 0.7 3.1 1.9 -102.9 71.0 0.82 0.4 273.1 0.60
BaO3Ti 38 186460 63.9 2.1 0.8 5.0 3.2 -168.5 30.4 0.82 1.0 385.2 0.93
ClNTi 59 290035 110.1 1.0 5.9 2.3 2.1 -341.6 31.4 0.82 4.0 393.2 0.84
NaNbO3 31 247317 235.4 2.3 0.6 4.2 2.2 -139.5 53.5 0.81 0.6 263.3 0.86
FNaNb6O15 38 24109 294.7 1.8 1.3 3.9 2.2 -115.7 57.9 0.81 0.6 − 0.82
AgNbO3 63 55647 240.4 1.6 0.7 4.1 2.2 -139.4 62.3 0.81 0.6 233.4 0.81
BaO3Ti 160 186461 63.9 2.1 0.9 5.1 3.2 -166.2 29.1 0.81 1.0 386.0 0.92
4TABLE IV: Full results table confinued
Material Space Grp. ICSD Vol. Band Gap meff DOS mDOS S σ/τ S
2σ/τ Opt. Doping Debye T S2σ/τ
A˚3 (eV) (103 eV−1A˚−3) (µV/K) 10−3 S
m fs
103 W
m K2fs
(1021cm−3) K p-type
InNbO4 13 100695 144.3 3.3 1.2 4.6 4.8 -201.5 18.3 0.80 2.0 − 0.67
NOTa 12 173006 160.2 2.4 1.5 4.9 2.8 -171.5 37.5 0.80 0.8 370.2 0.37
BaO3Ti 123 31885 63.8 2.1 1.1 5.0 3.0 -158.5 31.8 0.80 1.0 377.8 0.96
O2Zr 137 92093 66.8 4.2 1.0 2.6 6.1 -122.2 22.7 0.80 9.0 422.2 3.14
BaO3Ti 221 186437 63.8 2.1 1.1 5.0 3.0 -158.6 31.7 0.80 1.0 377.8 0.96
FeO3Ti 62 246514 201.9 0.7 − − − -196.6 17.4 0.79 3.0 − 0.14
Ba3MgNb2O9 164 240277 202.9 2.9 0.7 4.9 3.6 -173.6 26.2 0.79 1.0 265.2 0.72
CdO6Sr2W 87 245684 135.1 3.1 3.0 2.8 9.8 -267.4 9.0 0.79 3.0 309.7 1.43
O2Zr 1 164736 66.8 4.2 1.0 2.6 6.0 -120.8 22.8 0.79 8.0 422.1 3.12
LaO11Sr2Ta3 71 95059 242.6 3.1 6.3 4.7 2.6 -153.3 33.4 0.78 0.9 − 0.45
Nb2O5 15 16802 167.2 2.8 1.7 4.4 6.1 -216.2 18.8 0.78 2.0 344.5 0.58
O3SrTi 221 290617 59.0 1.9 1.1 4.8 3.0 -152.9 33.5 0.78 1.0 395.1 0.85
Ba3MgO9Ta2 164 240279 203.4 3.4 0.6 4.6 3.4 -162.5 28.9 0.78 2.0 269.1 0.69
BaMg0.333O3Ta0.667 164 95495 203.3 3.4 0.6 4.6 3.4 -162.4 28.9 0.78 2.0 − 0.69
Br4OW 79 49547 156.5 1.1 1.0 3.8 4.6 -194.1 14.2 0.78 10.0 251.1 0.59
NaS2Sc 166 644971 81.7 2.2 1.0 4.4 3.2 -151.3 33.5 0.78 2.0 − 0.57
O8P2RbTa 12 54098 193.7 3.6 1.7 5.0 4.1 -171.4 36.1 0.77 0.7 479.9 0.21
NaO2Sc 166 25729 47.9 4.4 1.2 4.8 3.9 -175.9 23.8 0.77 3.0 − 1.06
Bi2O6W 12 290469 248.1 2.3 2.5 5.3 3.0 -169.4 27.0 0.77 1.0 − 0.50
HgO3Ti 161 19005 115.1 1.5 0.5 2.1 2.4 -90.0 33.1 0.77 7.0 290.9 0.77
O3W 113 86144 222.3 1.1 1.0 1.7 1.5 -314.6 93.7 0.77 2.0 351.4 1.13
Ba2O6TiZr 148 189098 136.8 2.6 0.7 4.9 3.0 -157.0 31.5 0.77 1.0 273.9 0.88
Ba2O6TiZr 148 189098 136.8 2.6 0.7 4.9 3.0 -156.9 31.5 0.77 1.0 273.7 0.88
MoS2 194 49801 105.3 1.0 0.6 4.0 3.3 -141.5 41.5 0.77 2.0 − 0.41
I2OTa 12 80109 213.5 1.4 1.1 3.4 1.5 -106.3 61.6 0.76 0.6 − 0.99
Na2O7W2 36 65780 277.7 2.1 1.4 4.6 3.3 -141.3 38.1 0.76 1.0 291.0 0.67
CAlOSc 166 419683 94.4 0.7 1.8 3.9 1.6 -107.0 58.6 0.76 0.4 − 0.38
O2Ti 152 41493 175.6 3.7 1.5 3.7 6.8 -241.2 9.8 0.75 4.0 − 0.75
GeO8Zr3 121 29263 131.6 4.2 1.2 4.4 6.1 -217.7 19.5 0.75 1.0 349.6 0.75
Ba2InNbO6 225 109162 141.6 3.7 2.5 3.5 8.4 -255.1 9.3 0.75 3.0 − 1.18
O3SrZr 140 188451 137.7 3.9 0.8 3.7 2.2 -120.9 51.1 0.75 0.9 286.1 1.37
B2KO6Ta 31 162214 271.6 3.7 1.4 4.2 1.9 -129.4 44.4 0.75 0.8 450.1 0.44
AlNbO4 12 24078 141.1 3.6 3.1 4.7 3.3 -143.0 36.2 0.75 0.8 391.3 0.41
CaO3Ti 65 187294 57.5 2.2 0.7 4.5 2.8 -147.4 34.3 0.75 1.0 − 0.84
CaO3Ti 221 77060 57.5 2.2 1.0 4.5 2.8 -147.5 34.3 0.75 1.0 435.2 0.84
Cl4OW 79 426524 146.5 2.0 2.4 4.2 6.8 -203.3 6.7 0.74 10.0 315.7 0.18
CaO6Sr2W 225 36459 139.5 2.9 1.0 5.0 3.3 -160.3 28.6 0.73 1.0 − 0.73
MgO6Sr2W 225 152575 122.9 2.9 1.6 5.2 4.4 -188.0 20.7 0.73 1.0 − 0.80
O3W 129 27962 111.0 0.6 1.0 1.3 1.0 -545.3 114.0 0.73 3.0 421.4 1.24
MgO6Sr2W 87 155310 122.6 3.1 1.9 4.7 4.9 -193.3 23.6 0.73 1.0 − 0.84
Na2O3Ti 71 183666 64.5 1.7 3.2 3.5 1.9 -188.0 38.6 0.72 5.0 373.7 0.45
La4O12Ti3 148 91765 237.5 3.1 2.4 3.6 8.5 -254.1 10.0 0.72 2.0 − 0.42
BaO4W 36 155515 168.1 2.1 0.6 4.4 2.5 -132.5 39.7 0.71 2.0 339.5 1.02
AlO4Ta 12 33885 141.7 4.2 2.2 4.6 2.7 -134.1 38.3 0.71 0.7 395.3 0.50
I2NbO 5 36255 212.7 1.0 1.2 3.5 1.6 -101.1 63.3 0.70 0.5 218.4 0.51
AlO3Y 62 167509 206.2 5.8 1.8 4.4 4.6 -186.8 16.8 0.70 3.0 − 0.64
S2ScTl 194 418474 184.6 0.9 0.8 4.6 3.1 -151.1 31 0.70 1.0 − 0.24
NaNbO3 26 247311 236.0 2.3 0.5 4.2 2.5 -146.3 46.3 0.70 2.0 265.2 0.89
GaO6Sr2Ta 87 172330 121.8 4.2 1.2 4.3 6.4 -208.4 17.6 0.70 2.0 − 0.92
NaNbO3 6 247318 236.0 2.3 0.5 4.2 2.5 -146.3 46.3 0.70 2.0 265.2 0.89
O2Ti 189 189324 75.9 1.1 0.9 2.4 1.4 -73.8 24.9 0.70 10.0 405.2 0.89
BaNb2O6 51 28253 250.6 2.0 1.2 2.8 1.7 -189.7 79.5 0.70 0.4 269.3 1.00
Ba2LaO6Ta 12 160169 160.7 3.8 1.3 4.1 3.3 -250.3 35.2 0.69 2.0 − 0.64
CrO6Sr2Ta 225 157544 122.2 2.3 − − − -129.7 37 0.69 1.0 − 0.46
Ca2O6SiTi 225 83455 102.2 2.6 1.5 4.6 5.4 -199.9 16.1 0.68 2.0 − 0.85
BaS3Ti 194 616087 224.9 − 0.9 3.3 1.6 -84.6 78.4 0.68 0.6 − 1.21
KNbO3 38 9533 63.8 1.9 0.5 4.0 2.5 -142.5 46.7 0.68 2.0 405.2 0.85
GeHfO4 88 202080 126.0 4.2 0.4 4.3 3.0 -128.6 41.3 0.68 1.0 − 0.61
CaFe3O12Ti4 204 79277 210.2 1.0 − − − -178.1 21.5 0.68 1.0 − 0.13
GeO4Zr 88 29262 125.8 4.0 1.1 5.1 3.0 -159.3 32.1 0.68 0.7 − 0.61
CaO3Zr 62 130053 255.8 4.2 0.9 4.2 3.3 -168.4 23.2 0.68 2.0 − 0.84
GeLiO5Ta 15 39211 201.5 3.9 1.2 3.8 6.3 -206.1 19.9 0.67 2.0 − 0.49
O6Sr2TaY 225 247458 144.6 3.6 1.9 4.1 2.6 -134.2 36.8 0.66 1.0 339.8 0.81
O3SrZr 74 188453 137.8 3.8 0.8 3.0 2.5 -179.0 46.6 0.66 3.0 288.5 1.05
N2SrTi 129 85770 115.5 1.4 1.6 1.3 1.5 -337.7 58.0 0.65 3.0 374.1 1.23
Bi2BrO4Y 123 92418 137.4 1.2 0.3 0.8 0.5 -16.1 83.1 0.65 4.0 − 0.55
CuO6Sr2W 87 99303 123.0 0.7 − − − -159.5 44.4 0.65 10.0 − 1.48
CaO6Sr2W 25 36460 283.9 2.9 1.5 5.2 3.7 -176.3 25.0 0.65 0.9 − 0.85
O7Ti2Y2 227 153820 261.5 3.1 0.9 2.2 10.8 -227.1 11.4 0.65 2.0 252.1 0.65
O5Ta2 15 280396 167.3 3.3 1.7 4.5 5.9 -230.0 10.9 0.65 2.0 − 0.59
Ba3MnNb2O9 164 171479 208.1 1.5 − − − -118.7 29.8 0.65 4.0 − 0.34
Ba2LaO6Ta 148 160170 160.8 3.9 1.1 5.3 3.5 -169.8 22.4 0.65 1.0 − 0.69
O3SrZr 99 188449 71.2 3.5 0.8 2.4 1.9 -140.4 44.1 0.65 4.0 − 1.12
Br4NbOTl 5 415203 189.9 1.1 1.8 3.0 2.9 -280.3 42.1 0.64 10.0 − 0.61
Ba2LaNbO6 12 172403 160.3 3.3 1.2 4.7 3.7 -207.7 29.7 0.64 0.9 − 0.71
Bi2O6TiZn 8 186803 138.1 1.1 0.4 2.0 3.2 -81.2 38.6 0.64 3.0 − 0.21
HfO2 137 173966 66.8 4.7 0.8 2.4 4.1 -114.9 22.8 0.64 7.0 − 2.40
O4PbW 15 155518 177.6 3.2 1.9 5.3 3.0 -201.5 30.1 0.63 0.6 − 0.72
O6Sr2WZn 225 72811 124.5 2.9 6.1 4.3 6.4 -215.7 12.6 0.63 2.0 − 1.34
La2O7Ti2 36 32537 284.1 2.8 1.6 5.1 4.0 -157.5 25.4 0.63 1.0 − 0.48
O4PbW 88 75981 177.6 3.2 1.9 5.3 3.0 -202.5 29.6 0.63 0.6 − 0.70
O2Ti 62 182578 118.4 2.8 2.1 1.9 12.1 -278.1 5.4 0.63 5.0 − 1.13
MoO3 62 166363 218.7 1.7 2.5 3.5 1.4 -102.6 51.6 0.63 0.5 − 0.74
O4PSc 141 184542 130.4 4.9 5.9 2.0 11.4 -316.0 6.9 0.62 3.0 − 0.73
O3SrZr 62 159454 274.8 3.9 0.7 4.1 2.6 -143.2 31.6 0.62 1.0 − 0.80
NNbO 14 262573 125.8 1.7 1.1 3.9 5.8 -198.6 14.4 0.62 2.0 − 0.90
Li2O4W 15 1044 144.0 3.7 5.1 3.3 8.3 -288.8 6.9 0.62 3.0 − 0.64
O6Sr2WZn 14 262322 123.9 3.0 2.4 3.4 8.8 -240.0 11.4 0.62 2.0 − 1.00
Na2O13W4 2 6141 263.6 1.7 2.8 2.2 1.5 -70.3 70.6 0.62 0.3 327.6 0.79
BaO8P2Zr 12 153124 181.3 4.6 2.0 5.7 4.5 -191.8 21.9 0.62 0.8 462.1 0.45
O5Ta2 49 236386 91.5 0.4 1.3 2.0 1.7 -278.8 91.0 0.62 5.0 451.8 0.65
O2Zr 61 173960 271.6 4.0 1.4 5.1 4.1 -186.4 19.4 0.61 1.0 − 0.96
O6Sr2TaY 14 247459 279.8 4.1 0.8 4.6 3.3 -159.8 24.1 0.61 1.0 − 0.42
5TABLE V: Full results table confinued
Material Space Grp. ICSD Vol. Band Gap meff DOS mDOS S σ/τ S
2σ/τ Opt. Doping Debye T S2σ/τ
A˚3 (eV) (103 eV−1A˚−3) (µV/K) 10−3 S
m fs
103 W
m K2fs
(1021cm−3) K p-type
BrNZr 164 25507 128.1 2.8 1.5 3.8 2.6 -313.6 41.9 0.61 0.5 − 0.96
O2Ti 205 189326 116.4 1.8 0.8 4.4 5.9 -179.4 17.6 0.61 3.0 − 0.80
LaMgNaO6W 11 40497 243.9 2.9 1.9 3.0 3.6 -411.1 22.9 0.60 4.0 − 0.57
FOY 166 30623 80.5 5.2 0.3 5.2 2.7 -137.8 36.1 0.60 0.9 − 0.47
HfO2 61 173965 272.4 4.7 1.3 5.2 3.7 -166.4 21.7 0.60 1.0 − 0.85
O5Ta2 5 280397 76.8 2.5 1.2 4.3 3.7 -167.7 23.0 0.60 2.0 − 0.98
NbO6Sr2Y 14 170684 279.1 3.5 0.9 5.0 3.7 -170.8 20.4 0.60 1.0 − 0.41
Mg0.5O3PbW0.5 225 262284 125.6 2.5 1.0 4.6 3.3 -160.5 21.0 0.59 3.0 342.3 1.00
MgO6Pb2W 225 67880 125.5 2.5 1.0 4.6 3.3 -160.5 20.9 0.59 3.0 342.3 0.99
CdO3Ti 148 262708 119.0 3.1 2.9 5.5 3.9 -218.2 20.1 0.59 0.9 − 0.98
MoO3 11 80577 107.5 1.7 2.0 3.6 1.5 -102.6 47.9 0.59 0.5 − 0.75
La2O7Ti2 227 153816 287.2 3.1 1.0 2.7 9.3 -212.7 12.1 0.59 2.0 − 0.58
NaS2Y 166 644997 91.2 2.7 0.7 3.7 2.2 -118.5 41.7 0.59 1.0 − 0.70
O7TaY3 20 10059 296.4 3.7 1.1 4.8 4.0 -148.9 26.2 0.59 0.8 − 0.30
Bi2O11Ti4 12 79769 209.1 2.4 2.3 5.3 3.8 -151.9 25.0 0.59 0.8 − 0.48
BO4Ta 141 402404 106.2 3.7 4.2 3.4 8.2 -267.7 7.9 0.58 2.0 − 0.46
LiS2Sc 166 642305 71.8 2.0 0.8 3.8 2.5 -122.4 39.4 0.58 1.0 − 0.70
O3TiZn 148 22382 103.9 3.3 4.0 2.6 8.8 -263.3 7.4 0.58 2.0 336.3 0.98
NbO4Y 15 20335 147.7 3.7 1.8 4.4 6.2 -186.9 16.6 0.58 1.0 − 0.40
BiCuO8W2 1 67569 159.1 1.7 − − − -205.9 14.6 0.58 1.0 − 0.27
FSY 194 2597 243.3 3.1 0.7 3.9 2.6 -131.8 34.0 0.57 1.0 − 0.79
O4SiTi 141 166437 117.8 2.9 23.7 1.6 12.5 -310.1 4.1 0.57 4.0 − 0.92
NbO4Sc 13 109191 141.1 3.6 1.6 3.4 7.8 -232.2 9.3 0.57 2.0 − 0.70
B2K3Nb3O12 189 85091 261.7 2.2 0.6 2.9 1.9 -94.2 55.5 0.57 3.0 − 0.58
CaMoO6Sr2 25 72816 281.9 2.1 1.4 4.6 4.0 -165.3 23.4 0.57 1.0 − 0.87
Cl2O2W 26 28510 240.3 2.0 2.4 1.2 3.2 -357.1 68.0 0.57 7.0 − 1.22
Bi2ClO4Y 123 92405 132.2 1.3 0.3 0.8 0.6 -19.1 79.1 0.57 6.0 − 0.71
O2RbY 166 49651 68.6 3.8 0.7 3.3 1.8 -100.0 55.9 0.57 0.5 − 0.94
MgO6Ta2 136 150419 205.1 3.0 1.4 5.5 2.6 -170.5 24.7 0.56 0.7 − 0.20
Ba2CaO6W 225 76436 146.5 2.9 0.9 4.3 2.9 -137.7 29.5 0.56 0.9 − 0.72
K2O3Ti 63 162216 190.1 3.8 2.0 5.1 4.0 -155.0 23.2 0.56 0.9 − 1.04
MnO4W 13 67909 139.2 1.8 − − − -222.8 10.1 0.56 2.0 − 0.32
HfO2 225 173967 33.1 4.2 0.8 3.7 2.7 -115.0 27.4 0.55 10.0 − 1.00
HfO2 14 638737 142.3 4.5 2.1 4.8 3.8 -182.8 17.5 0.55 2.0 − 0.57
Ba2CuO6W 87 72813 133.3 0.8 − − − -199.6 43.0 0.55 10.0 − 1.19
MgO5Ti2 63 37232 184.3 3.2 3.6 5.5 3.5 -171.6 19.2 0.55 0.9 − 0.81
MgO3Ti 148 171794 103.4 3.8 5.7 1.7 10.7 -292.1 5.3 0.55 3.0 − 0.68
Ba2MgO6W 225 183771 132.2 2.9 2.1 4.7 3.9 -162.3 20.7 0.54 1.0 − 0.79
HfO3Sr 140 161598 137.7 4.6 0.9 3.2 2.0 -108.0 47.0 0.54 1.0 291.6 1.17
O7Sn2Ta2 227 27119 298.1 1.5 1.0 3.1 8.8 -219.6 10.5 0.54 2.0 − 0.10
Nb2O5 5 51176 77.2 2.0 1.2 4.1 4.1 -162.6 22.5 0.54 2.0 − 0.73
BrNTi 59 290036 116.0 1.0 6.8 2.0 1.9 -370.0 36.7 0.54 3.0 − 0.72
Ba2CuO6W 139 33569 133.6 0.7 − − − -199.3 43.6 0.54 10.0 − 1.07
CdO6Sr2W 225 71839 138.5 3.0 2.2 3.8 8.2 -229.6 9.2 0.53 2.0 345.9 1.31
Ba2CaO6W 87 246116 146.3 2.9 1.0 4.2 3.1 -138.6 30.8 0.53 0.9 − 0.75
LiO6Si2Ti 15 96292 213.3 0.3 3.9 3.8 7.4 -236.4 8.9 0.53 2.0 − 0.41
KO2Y 166 49650 64.5 4.1 0.4 3.5 2.1 -106.5 49.0 0.53 0.9 − 1.13
Ba2CaO6W 12 171985 146.4 3.0 1.0 4.2 3.1 -140.2 29.1 0.53 0.9 − 0.64
B2K3O12Ta3 189 201143 262.1 2.8 0.6 2.9 1.7 -93.6 56.6 0.53 2.0 368.7 0.55
BrHfN 59 95720 132.5 2.7 2.5 2.1 2.2 -347.7 46.4 0.53 6.0 − 1.03
BaNb2O11V2 166 165097 249.6 2.3 − − − -152.4 22.6 0.53 1.0 − 0.47
BaO3Zr 221 27048 73.7 3.4 0.7 3.3 2.0 -107.9 44.7 0.52 0.8 − 0.91
BiO3Sc 221 181117 66.3 0.7 0.2 1.6 1.5 -50.9 74.6 0.52 3.0 − 1.10
LiO4ScSi 62 77544 304.5 4.9 1.3 3.5 7.4 -211.8 10.5 0.52 2.0 − 0.79
CsO2Y 187 49652 146.9 3.0 0.6 2.7 1.5 -88.5 64.6 0.52 0.5 − 0.53
O2Ti 12 57154 145.2 3.1 6.6 3.5 9.0 -247.7 10.2 0.52 2.0 − 0.37
BNbO4 141 63202 105.9 2.9 4.4 4.1 7.2 -248.5 7.4 0.52 2.0 − 0.48
Ba2O6WZn 225 185847 132.8 3.0 1.8 4.8 4.9 -185.7 14.7 0.52 2.0 − 1.45
HfO3Sr 74 161597 137.7 4.5 0.6 2.4 2.1 -120.7 43.8 0.52 4.0 − 0.86
O7P2Zr 58 280395 319.9 4.4 0.9 3.3 4.4 -144.8 23.2 0.51 2.0 − 0.47
HfO3Sr 62 161599 274.7 4.8 0.8 3.8 2.4 -127.2 32.1 0.51 1.0 − 0.72
LiO2Sc 141 36124 83.0 4.3 1.0 3.5 3.8 -175.9 26.5 0.51 4.0 − 1.29
Mo2O8Zr 164 59999 187.3 3.3 1.0 4.4 2.6 -124.6 31.6 0.51 0.7 − 0.40
O4WZn 64 162238 244.4 2.0 1.3 5.5 3.9 -175.5 18.4 0.51 0.8 − 0.35
HfOS 198 23327 186.7 3.2 1.1 4.9 3.0 -158.9 20.1 0.51 1.0 − 0.39
BrNZr 59 27393 132.9 2.0 1.7 1.4 0.9 -433.7 50.6 0.51 8.0 − 1.24
HfO3Sr 99 161594 70.9 4.2 0.8 3.2 2.0 -122.5 40.2 0.51 1.0 393.0 0.84
MgO4W 13 67903 131.4 3.4 2.5 4.2 6.0 -235.0 8.4 0.51 3.0 − 0.61
LaNbO4 15 61014 166.5 3.7 1.7 4.3 6.7 -186.9 14.4 0.50 1.0 − 0.37
O2Ti 14 154036 117.2 2.5 3.2 3.2 8.4 -294.0 7.4 0.50 4.0 − 0.60
LiS2Y 166 44957 80.9 2.3 0.7 3.0 1.7 -97.0 50.4 0.50 0.5 − 0.59
Bi2O9SrTa2 139 97041 186.6 2.3 0.6 2.6 1.2 -74.6 69.7 0.50 0.3 301.4 0.54
O2Zr 14 659226 141.6 3.9 2.8 5.0 4.1 -209.2 16.8 0.50 1.0 − 0.60
Nb2O7Sr2 36 187 300.9 2.7 1.0 3.6 3.2 -114.6 37.5 0.49 1.0 − 0.66
Ca2MgO6W 14 281564 229.8 3.5 1.5 3.7 7.1 -215.6 9.5 0.49 2.0 − 0.48
Nb2O8Zn3 15 66147 289.2 3.3 3.5 4.3 7.2 -229.5 9.9 0.49 1.0 − 0.62
O3SrZr 63 89355 275.6 3.7 0.9 3.2 2.3 -146.3 47.3 0.49 2.0 − 0.95
NY 186 161078 69.1 1.3 0.5 2.1 1.6 -85.5 74.3 0.49 3.0 − 0.62
CaO6Sr2W 14 164554 273.4 3.2 1.0 4.6 4.0 -161.7 19.4 0.48 1.0 − 0.23
LaN2OTa 12 411138 130.4 0.6 0.7 2.6 1.7 -87.2 70.9 0.48 0.2 317.9 0.84
OSZr 198 31721 185.0 2.6 0.9 5.4 3.0 -160.7 18.7 0.48 0.9 − 0.36
O3SrZr 221 187481 70.8 3.5 0.7 3.2 1.9 -102.6 45.3 0.48 0.7 − 0.98
O3PbTi0.5Zr0.5 1 183492 136.3 2.4 0.3 4.1 2.7 -117.2 34.9 0.48 1.0 − 0.55
BaN2Zr 129 74904 143.2 1.4 1.3 3.0 1.9 -131.7 63.8 0.48 0.9 − 1.19
HfO3Sr 221 161593 70.7 4.2 0.6 3.2 1.8 -101.2 46.0 0.48 0.7 − 0.81
NiO6Ta2 136 61198 202.6 2.0 − − − -161.5 18.2 0.48 0.9 − 0.48
C2Al3O5Sc3 194 420953 294.3 0.7 2.0 2.7 2.3 -284.9 52.5 0.48 0.3 − 0.54
K2O13Ti6 12 184901 269.8 3.1 10.6 2.3 11.0 -310.1 3.3 0.48 4.0 − 0.35
Bi2O7Ti2 227 161100 276.0 2.8 0.7 3.4 8.2 -206.0 11.8 0.47 2.0 − 0.46
B2Ba3O12Ti3 189 99460 256.4 2.5 1.4 4.0 2.7 -99.1 36.3 0.47 0.4 − 0.66
O13Rb2Ti6 12 23878 275.6 3.0 4.1 2.4 10.7 -300.1 3.7 0.47 4.0 − 0.39
AlO4W 12 4164 119.1 1.5 3.7 5.5 3.8 -201.6 11.6 0.47 1.0 − 0.11
Ba2O6SrW 12 246108 156.2 2.9 0.9 4.0 3.1 -131.0 30.9 0.47 0.9 − 0.41
O4Tl2W 164 8212 274.4 3.1 0.9 5.2 3.2 -142.8 22.1 0.47 0.7 − 0.27
HfO3Sr 63 161596 275.4 4.5 0.8 3.0 2.2 -139.9 43.3 0.47 2.0 − 0.80
O7SnTa2 15 15206 205.7 1.8 0.7 3.3 2.6 -105.6 37.2 0.47 2.0 − 0.39
CaO3Zr 221 29003 69.1 3.5 0.7 3.2 1.9 -104.8 42.4 0.47 0.9 − 1.09
HfNO3Ta 4 186409 134.7 3.0 1.3 3.4 7.4 -216.5 10.1 0.46 3.0 − 0.54
HfNO3Ta 4 186409 134.7 3.0 1.3 3.4 7.4 -216.5 10.1 0.46 3.0 − 0.54
KO2Sc 166 34958 55.4 4.0 1.0 4.0 2.4 -123.8 32.5 0.46 0.8 − 1.04
CdO6Sr2W 25 71840 280.0 3.0 1.8 4.0 6.9 -209.6 9.9 0.46 2.0 − 1.12
O3SrZr 127 188450 138.1 3.5 0.6 2.6 1.5 -83.6 62.5 0.46 0.4 297.0 1.16
Ba2HfS4 139 80652 191.1 1.1 0.9 0.9 1.0 -476.7 80.5 0.46 2.0 − 0.60
O6SnTa2 9 54078 232.0 2.2 3.9 5.1 4.6 -193.9 19.7 0.46 0.7 − 0.28
O8Rb3Ta 121 150280 198.9 3.2 1.7 4.4 5.9 -150.5 19.5 0.46 0.7 − 0.13
AlO3Sc 62 151951 189.7 4.8 4.2 2.3 10.5 -350.7 6.5 0.46 2.0 − 0.35
O14Si4Sr2Ti2 63 83362 275.1 4.2 5.8 4.3 7.2 -202.7 11.1 0.45 1.0 370.5 0.45
GeLi2O5Ti 129 250297 194.6 3.8 1.7 3.6 9.3 -202.6 10.4 0.45 2.0 − 0.45
6TABLE VI: Full results table confinued
Material Space Grp. ICSD Vol. Band Gap meff DOS mDOS S σ/τ S
2σ/τ Opt. Doping Debye T S2σ/τ
A˚3 (eV) (103 eV−1A˚−3) (µV/K) 10−3 S
m fs
103 W
m K2fs
(1021cm−3) K p-type
Ba2O6SrW 148 246114 156.2 3.1 1.0 4.1 3.1 -128.3 27.1 0.45 0.8 − 0.44
BaHfO8P2 12 245690 180.9 5.2 0.7 4.5 3.0 -129.2 26.8 0.45 0.9 − 0.44
ClNZr 166 151468 106.9 1.9 3.3 2.5 1.0 -79.4 49.8 0.45 0.3 − 0.32
Ba2BiO6Ta 12 153122 155.9 2.4 0.5 3.4 3.1 -118.3 36.5 0.45 2.0 − 0.41
Fe2K2Nb4O13 12 50038 290.8 1.4 − − − -97.3 33.5 0.45 0.4 − 0.27
HgO4W 64 169671 286.0 1.1 0.9 2.9 1.4 -75.2 59.8 0.45 0.4 − 0.34
CuLi2O8W2 2 92854 138.1 1.5 − − − -109.2 11.3 0.45 9.0 − 0.31
Na2O13Ti6 12 186996 260.3 3.3 20.0 2.9 8.2 -304.1 3.2 0.45 4.0 − 0.22
ClHfN 166 261541 109.4 2.5 2.9 2.9 0.9 -90.9 41.9 0.45 0.4 − 0.36
O4TaY 13 15352 148.7 4.2 2.0 4.4 6.0 -188.2 12.8 0.45 2.0 − 0.56
Ba2S4Zr 139 80651 189.6 0.7 1.0 0.9 1.0 -548.9 80.5 0.44 2.0 − 0.71
B2BaO6Ti 148 183931 121.2 2.9 5.7 3.6 7.9 -324.1 8.0 0.44 4.0 − 0.33
O4SiTi 88 166438 106.8 2.7 4.2 1.2 13.7 -310.6 4.1 0.44 3.0 − 0.82
Bi2CaO9Ta2 69 20667 180.6 0.2 3.3 2.0 1.7 -101.3 67.5 0.44 4.0 − 0.53
NaO8Ta3 72 63204 263.4 2.9 1.5 3.6 1.9 -95.5 39.7 0.44 0.4 − 0.59
Li6MoN4 137 66095 212.2 2.8 1.6 4.8 4.6 -179.0 13.4 0.44 2.0 − 0.50
Li2Nb2O7Sr 63 88467 278.5 2.0 3.2 1.8 0.7 -89.3 73.1 0.44 0.2 251.7 0.87
CuO4W 13 182751 130.5 1.0 − − − -142.9 23.4 0.44 0.8 − 0.59
LiO8Ta3 15 1318 273.9 3.5 1.4 4.2 3.5 -129.4 25.2 0.44 0.6 − 0.31
BrOSc 59 170774 128.0 3.6 17.5 3.7 6.5 -292.2 20.0 0.44 1.0 − 1.67
O7PbTi3 11 2104 270.7 2.2 7.2 3.6 7.4 -292.3 9.2 0.44 2.0 − 0.43
FOY 129 76426 82.0 4.6 0.4 1.4 1.5 -40.7 41.8 0.44 6.0 − 1.68
Ca2O6PdW 25 83259 272.0 1.0 3.8 2.0 1.4 -149.9 86.1 0.43 0.1 291.7 2.61
GeNa2O5Ti 59 160149 230.9 3.7 3.0 2.0 12.8 -276.6 5.4 0.43 2.0 − 0.30
Ca2O6SbSc 14 262995 245.2 3.8 0.8 3.7 2.6 -121.8 31.4 0.43 1.0 − 0.40
GeNa2O5Ti 129 160148 230.9 3.7 2.9 2.0 12.8 -276.3 5.4 0.43 2.0 − 0.30
Ca3Ga3O14Si2Ta 150 380525 282.4 4.1 0.6 3.5 2.3 -82.0 52.4 0.43 0.5 − 0.42
Li2O6TeZr 146 71488 110.1 2.4 0.9 4.0 2.5 -123.9 29.4 0.43 0.6 − 0.66
LiMo3O8Sc 156 28525 140.3 1.7 2.3 4.6 5.6 -203.8 10.3 0.43 1.0 − 0.19
O2RbSc 194 1270 118.2 3.7 0.7 3.3 1.9 -103.6 39.8 0.43 0.5 − 0.97
Ca3O6W 14 262323 253.7 3.2 1.2 4.4 5.2 -173.2 14.9 0.43 1.0 − 0.34
KMo2O8Sc 164 28019 211.7 3.9 1.5 4.8 4.4 -153.1 18.0 0.43 0.8 − 0.61
Ba2BiO6Ta 148 153121 156.0 2.5 0.7 3.7 3.2 -110.3 33.8 0.43 0.6 − 0.39
Li2O13Ti6 12 182966 264.3 3.2 7.6 2.9 9.0 -303.2 2.9 0.43 5.0 − 0.27
O3PbZr 221 262105 71.4 2.3 0.3 1.8 1.2 -49.0 66.9 0.42 4.0 − 1.07
Mo2O8Zr 12 280438 180.7 3.0 1.9 3.6 2.5 -175.9 34.3 0.42 0.4 − 0.44
BaHfN2 129 184057 144.6 1.4 0.4 3.1 2.1 -106.3 44.3 0.42 0.7 − 1.27
MnNb2O8Zn2 15 202667 297.8 2.4 − − − -207.0 9.7 0.42 1.0 − 0.09
HfIN 166 51774 127.3 1.3 2.4 2.9 0.9 -91.4 39.5 0.42 0.4 − 0.58
BaO4W 15 187724 199.1 4.7 1.8 3.2 8.4 -223.1 8.6 0.42 2.0 − 0.42
Nb2O6Sn 15 202827 231.0 1.8 1.8 4.7 6.1 -206.1 11.7 0.42 1.0 − 0.29
Bi2O6TiZn 99 186801 135.4 0.7 0.4 1.9 2.3 -64.3 34.4 0.42 3.0 − 0.19
Ga4O8Ti 12 155638 147.1 2.7 0.5 5.1 3.3 -118.7 27.8 0.42 0.7 − 0.41
NaO3RbTi 15 78753 179.9 3.9 2.1 4.9 5.7 -197.5 10.7 0.42 1.0 − 0.94
FeO6Ta2 136 201754 208.7 2.0 − − − -168.7 18.9 0.42 0.8 − 0.24
InNaO8W2 13 28099 297.8 3.3 5.3 4.1 7.1 -242.2 6.7 0.42 2.0 − 0.36
InO6Sr2Ta 87 188419 133.0 4.2 0.5 2.6 5.8 -79.8 27.7 0.41 9.0 − 1.18
FeNbO4 13 14015 130.7 1.5 − − − -283.9 4.2 0.41 3.0 − 0.34
BaO4W 88 187462 198.9 4.7 1.4 3.2 8.5 -223.5 8.4 0.41 2.0 − 0.41
Ca3O7Ti2 36 63705 285.5 2.8 1.5 3.3 2.2 -216 36.7 0.41 0.4 − 0.39
O4Sr2Ti 139 157402 94.6 2.3 2.1 1.9 1.2 -744.3 47.3 0.41 4.0 − 0.84
Cr2S4Ti 12 626640 124.3 0.1 − − − -105.7 31.2 0.41 10.0 − 0.22
Cu2Na2S4Zr 12 79536 164.3 0.4 − − − -74.4 68.5 0.41 0.4 − 0.52
Li2O7Ti3 11 426263 264.5 3.4 11.1 3.1 8.8 -265.7 10.3 0.41 1.0 − 0.26
Li2O3Zr 9 31941 120.9 4.1 0.9 3.9 2.8 -124.1 28.3 0.41 1.0 − 1.18
Li2O7SrTa2 63 246277 280.6 2.5 3.1 1.8 0.8 -70.6 74.1 0.41 0.2 256.5 0.72
AlO4Ta 60 67676 241.2 3.5 0.7 4.4 4.2 -148.1 26.9 0.40 0.5 − 0.77
Bi4O12Ti3 69 24735 238.1 1.6 0.3 2.7 2.1 -75.1 44.4 0.40 3.0 273.9 0.27
Li2O3Zr 15 94893 121.0 4.1 0.9 3.8 2.8 -123.7 28.2 0.40 1.0 − 1.20
Bi4O12Ti3 139 87811 238.2 1.6 0.3 2.7 2.1 -74.6 44.3 0.40 3.0 − 0.28
O10Sr4Ti3 139 34630 214.2 2.2 1.7 2.6 2.5 -257.5 44.0 0.40 4.0 − 0.61
MnO8Ta2Zn2 15 85042 300.4 2.7 − − − -189.9 11.1 0.40 1.0 − 0.09
Na2O7Ti3 11 187821 295.0 3.4 11.8 4.3 7.0 -312.1 10.3 0.40 1.0 − 0.19
O6Se2Ti 14 200203 255.1 2.7 1.1 4.4 5.9 -180 11.9 0.40 1.0 − 0.56
NiO4W 13 15852 126.9 1.3 − − − -170.6 15.0 0.40 1.0 − 0.41
Ba2La2MnO12W2 166 54667 258.0 1.5 − − − -213.7 9.5 0.39 2.0 − 0.18
K3O8Ta 121 30406 179.4 3.2 1.7 4.3 6.4 -168.1 14.7 0.39 0.8 − 0.17
NbO8Rb3 121 407327 198.2 3.0 2.1 4.1 6.9 -121.3 6.0 0.39 10.0 − 0.13
KLaNaO5Ta 129 419855 280.9 3.9 1.3 2.5 1.5 -207.4 26.5 0.39 4.0 − 0.46
Ba3Nb2O8 166 95193 222.0 4.6 0.4 3.6 4.4 -127.3 27.7 0.39 2.0 − 0.46
AsSY 14 611344 247.8 0.1 0.4 2.4 1.8 1.6 562.1 0.39 9.0 − 0.62
NSc 225 180829 23.2 0.6 0.5 2.3 1.3 -69.3 66.5 0.39 0.3 − 0.64
FeO6Sr2Ta 14 172591 124.3 1.2 − − − -134.7 22.2 0.39 0.6 − 0.62
O3PbZr 38 39607 72.8 2.6 0.3 1.7 1.2 -51.2 62.9 0.39 5.0 − 0.87
HfO3Pb 221 161702 71.3 2.3 0.3 1.8 1.1 -47.8 67.7 0.39 5.0 − 1.04
Li2Nb2O7Sr 69 88463 140.0 1.7 1.3 1.7 1.0 -48.5 75.1 0.39 0.2 324.9 0.78
Mn3O6W 148 74952 240.5 1.5 − − − -180.0 12.3 0.39 0.9 − 0.23
NiO6Sr2W 225 109165 121.4 2.0 − − − -127.8 20.6 0.39 8.0 − 0.68
HfO3Sr 127 161595 138.1 4.2 0.6 2.4 1.4 -76.1 59.1 0.38 0.3 − 0.95
CdO4W 13 67915 150.2 3.0 1.7 4.7 4.2 -173.6 13.0 0.38 2.0 − 0.67
Cu4S4Ti 121 82558 155.1 1.7 − − − -166.7 16.0 0.38 0.9 − 0.48
FOSc 14 100563 153.3 4.8 2.3 1.2 14.5 -330.7 3.0 0.38 5.0 − 1.05
O6Ta2V 136 23600 209.6 1.0 − − − -153.7 22.0 0.38 0.7 − 0.18
Cu3NbS4 215 628471 163.7 1.9 − − − -139.9 19.0 0.38 0.7 − 0.52
B2HfO5 14 417031 276.2 4.8 1.4 4.1 4.4 -159.7 14.0 0.38 2.0 − 0.38
MoO4Tl2 164 280056 270.4 3.0 2.3 5.5 3.7 -163.3 13.8 0.38 0.7 − 0.29
As2O7Ti 15 73477 258.4 2.7 1.0 4.3 4.5 -132.1 20.4 0.37 0.6 − 0.19
INTi 59 290037 126.6 0.2 3.0 1.7 1.6 -304.4 41.7 0.37 3.0 − 1.93
NaNb3O8 72 63203 263.8 2.3 1.7 3.6 2.2 -114.2 32.8 0.37 0.4 − 0.83
CrO6Ta2 14 51175 210.5 0.6 − − − -175.4 14.6 0.37 2.0 − 0.22
O4SiZr 13 186168 115.8 4.3 1.3 4.1 3.7 -143.3 22.7 0.37 0.6 − 0.57
LaNbO4 88 81618 170.3 4.3 3.1 3.6 8.8 -253.8 7.4 0.36 1.0 − 0.48
AgNb3O8 72 67244 265.9 2.3 2.2 3.9 2.5 -125.6 29.7 0.36 0.4 − 0.91
Bi2O6W 41 23584 247.1 1.9 2.3 2.0 0.6 -74.5 46.0 0.36 0.3 − 0.37
NY 225 161075 29.3 0.7 0.4 2.0 1.1 -55.5 79.6 0.36 0.2 − 1.35
Li16N8Nb2O 148 174443 254.7 3.4 0.8 4.7 2.9 -131.7 19.5 0.36 0.6 − 0.35
O4WZn 13 162236 131.3 2.9 1.5 4.0 4.4 -166.6 14.7 0.36 6.0 − 0.61
Li16N8Nb2O 148 402220 255.0 3.4 0.7 4.8 3.0 -132.5 19.1 0.36 0.6 − 0.35
Li2O7SrTa2 139 154175 141.1 2.3 1.3 1.7 1.2 -48.6 75.9 0.36 0.2 − 0.70
O2SY2 164 154582 83.0 3.2 0.4 3.2 2.2 -101.6 39.9 0.36 4.0 − 0.53
O7Sr3Ti2 139 34629 154.5 2.2 1.9 2.3 1.4 -449.2 47.1 0.35 0.3 − 0.75
Ba2NiO6W 225 28342 130.1 2.0 − − − -136.9 17.8 0.35 0.6 − 0.67
FeNaO4Ti 62 36090 313.8 1.2 − − − -311.9 17.2 0.35 0.5 − 0.26
Bi2IO4Y 123 92432 145.5 1.4 − − − -27.4 71.0 0.35 5.0 − 1.12
KNaO3Ti 15 47177 172.8 4.0 6.9 3.4 9.3 -261.1 4.5 0.35 2.0 − 0.82
7TABLE VII: Full results table confinued
Material Space Grp. ICSD Vol. Band Gap meff DOS mDOS S σ/τ S
2σ/τ Opt. Doping Debye T S2σ/τ
A˚3 (eV) (103 eV−1A˚−3) (µV/K) 10−3 S
m fs
103 W
m K2fs
(1021cm−3) K p-type
O4SrW 15 155794 173.1 4.4 3.9 3.3 8.9 -231.2 6.5 0.35 2.0 − 0.47
O4SrW 88 155425 172.9 4.5 4.0 3.2 8.8 -234.1 6.3 0.35 2.0 − 0.46
AlO3Y 194 27100 119.0 3.5 0.4 1.3 0.8 -35.0 52.2 0.35 8.0 − 0.64
Li2O3Ti 15 15150 213.0 3.4 1.9 3.2 9.9 -215.3 7.7 0.34 2.0 − 0.73
LaO7RbTa2 123 81870 169.1 2.6 3.6 1.8 1.2 -81.7 58.7 0.34 0.2 − 1.58
Ca2Nb2O7 227 22411 280.6 1.7 0.6 2.9 7.0 -138.7 15.8 0.34 3.0 − 0.26
NiO3Ti 148 33856 100.6 2.0 − − − -242.6 6.1 0.34 2.0 − 0.54
Ba2O4Zr 139 39707 117.1 3.3 1.4 2.3 2.0 -176.9 58.0 0.34 0.2 − 0.97
LiO8W2Y 13 261840 297.3 3.7 5.1 4.3 6.3 -235.9 5.4 0.34 2.0 − 0.27
O6SbSr2Y 14 154033 281.4 3.8 0.4 3.4 2.4 -96.2 36.7 0.34 0.8 − 0.34
HfN2Sr 166 82538 57.6 0.7 0.3 2.1 1.1 -60.8 75.7 0.33 0.2 380.1 0.81
CuO8W2Y 1 36622 157.4 1.8 − − − -203.8 10.0 0.33 2.0 − 0.25
CaLi2O7Ta2 69 245841 139.5 2.3 1.4 1.7 1.2 -48.9 75.4 0.33 0.2 − 0.72
CsK2O8P2Sc 147 61787 208.5 4.4 1.5 3.6 6.9 -162.8 10.8 0.33 3.0 − 0.50
Li16N8OTa2 148 71696 255.5 3.4 0.8 3.8 2.3 -107.1 27.2 0.33 0.5 − 0.29
AlKMo2O8 164 28018 188.7 4.0 4.3 2.2 11.2 -267.6 3.9 0.33 2.0 − 0.51
N2SrZr 166 82537 57.3 0.4 0.3 2.1 1.1 -59.6 74.9 0.32 0.2 − 1.02
O2SSc2 194 2450 138.7 2.5 0.9 3.2 2.2 -102.2 31.3 0.32 0.7 − 0.59
NiO6Sr2W 87 91791 121.0 1.8 − − − -223.4 26.9 0.32 10.0 − 0.72
CuInO8W2 15 74944 279.7 1.4 − − − -184.2 13.3 0.32 0.7 − 0.22
Ca2MnO6Ta 11 246091 234.3 0.1 − − − -77.6 32.2 0.32 9.0 − 0.41
CuNbO3 12 201899 272.6 1.7 − − − -170.5 11.2 0.32 7.0 − 0.15
MnO6Sr2W 14 165886 257.1 1.3 − − − -124.6 20.2 0.32 0.6 − 0.60
CoO6Ta2 136 166674 204.5 2.6 − − − -196.5 8.6 0.32 1.0 − 0.45
CdO6Sr2W 14 245682 270.6 3.1 1.0 3.2 8.5 -187.1 11.5 0.32 1.0 − 0.43
Ca2InNbO6 14 99697 247.1 3.5 0.8 3.9 4.0 -123 21.9 0.32 0.7 − 0.38
Bi2Nb2O9Pb 22 24733 186.7 1.4 5.3 1.6 1.3 -178.5 70.1 0.31 0.1 − 0.27
Bi2Nb2O9Pb 69 61008 186.8 1.4 6.3 1.6 1.3 -176.6 70.1 0.31 0.1 − 0.27
LiMo3O8Y 156 28526 149.3 1.7 2.5 4.2 6.3 -206.3 7.3 0.31 1.0 − 0.21
Li4MoO5 2 40270 174.3 2.9 3.3 3.5 9.1 -218.2 6.7 0.31 1.0 − 0.45
Br7Nb3S 156 81078 276.5 1.3 2.3 5.7 4.3 -146.8 9.8 0.31 8.0 − 0.11
AsO4Sc 141 155920 143.9 3.5 0.5 2.9 1.9 -84.0 44.9 0.31 0.8 − 0.77
LaLiO4Ti 129 91843 173.7 2.8 2.8 2.6 1.1 -227.0 34.7 0.31 0.3 307.3 0.82
Fe2O5Ti 63 24134 186.3 1.3 − − − -281.5 12.3 0.31 0.8 − 0.25
InO6Sr2Ta 12 188418 133.2 4.0 0.5 2.7 4.6 -98.8 26.2 0.30 3.0 − 0.77
K2O7SrTa2 139 93492 171.0 2.3 1.6 1.5 1.1 -42.1 72.3 0.30 0.2 − 0.59
CaO4W 15 155792 153.4 4.1 4.1 3.3 8.7 -227.8 5.4 0.30 2.0 − 0.57
Ag2La2O10Ti3 139 83294 214.8 2.4 1.1 2.0 1.1 -68.5 41.3 0.30 0.3 − 0.65
OSZr 129 36111 81.3 0.8 0.5 1.3 1.0 -37.7 65.4 0.30 10.0 − 0.56
CaO4W 88 60551 153.5 4.1 3.8 3.3 8.6 -226.8 5.4 0.30 2.0 − 0.55
InLiO8W2 15 423127 275.6 3.2 3.7 5.4 4.1 -202.2 10.4 0.30 0.8 − 0.51
InO6Sr2Ta 14 188417 265.9 4.1 0.6 3.3 3.7 -96.3 27.9 0.30 0.4 − 0.47
Ca2O7Ta2 227 27121 282.0 2.5 0.7 2.9 7.3 -141.8 13.9 0.29 2.0 − 0.26
KLi4NbO5 2 73124 236.7 4.1 5.9 2.7 9.4 -286.7 3.8 0.29 3.0 − 0.70
B2O5Zr 14 418931 276.1 4.2 2.8 3.4 9.2 -215.8 6.0 0.29 2.0 − 0.38
LaNaO4Ti 129 82003 187.9 3.0 10.0 2.5 1.1 -365.2 34.0 0.29 0.3 294.1 0.70
Li4O5W 2 108819 176.3 3.6 2.5 4.0 7.4 -210.3 6.9 0.29 1.0 − 0.51
O4SiZr 88 186167 118.3 4.5 3.7 1.9 12.7 -298.1 3.2 0.29 4.0 − 0.68
B2Li3O6Sc 14 261256 232.9 4.8 1.5 3.5 8.3 -180.8 8.6 0.28 0.9 − 0.31
Na4O4Ti 2 69621 255.1 3.3 0.6 1.5 0.8 -44.2 41.9 0.28 10.0 − 0.25
HfO2 62 87456 122.5 3.8 1.1 2.2 1.2 -81.2 35.0 0.28 7.0 − 1.12
N2SZr2 164 96970 71.6 0.8 0.4 1.7 1.0 -52.9 70.7 0.28 10.0 − 0.53
K2O5Ti2 12 36097 141.1 3.7 4.9 5.1 3.7 -145.6 12.5 0.28 0.7 − 0.37
O2Ti 141 31064 69.6 2.5 1.0 2.9 2.3 -79.3 36.9 0.28 0.3 − 1.24
O4WZn 15 162237 134.6 2.7 0.7 2.9 1.8 -88.9 32.9 0.28 0.5 − 0.87
Li2O5SiTi 129 87596 183.0 3.7 2.5 3.3 9.9 -201.6 6.8 0.28 1.0 − 0.28
KLaO4Ti 129 261365 200.6 2.9 5.8 2.4 1.0 -645.7 34.3 0.28 0.2 283.6 0.44
O6Pb2ScTa 225 77739 134.3 2.5 0.3 1.9 1.5 -52.5 66.1 0.27 3.0 − 1.12
LaMnNaO6W 4 159097 252.5 1.8 − − − -213.6 11.0 0.27 1.0 − 0.43
S2Ti 62 181505 194.2 0.1 2.5 2.8 2.1 -82.5 24.8 0.27 10.0 − 0.66
K3NbO8 121 30405 179.3 2.9 2.1 4.1 6.8 -135.1 5.9 0.27 10.0 − 0.17
InNbO6Sr2 14 172169 265.3 3.7 0.7 3.0 8.9 -141.2 13.5 0.27 0.9 − 0.47
B2BaO6Zr 161 95527 262.6 4.5 2.1 3.7 6.3 -141.8 13.4 0.27 0.9 − 0.29
HfMo2O8 15 98065 286.8 3.1 1.9 4.3 5.7 -188.9 8.8 0.27 1.0 − 0.25
CuFNbO3 2 200533 150.0 1.7 − − − -148.6 15.1 0.26 0.6 − 0.19
Na4O5W 2 85063 240.9 3.6 2.7 3.4 7.9 -220.8 5.6 0.26 2.0 − 0.10
PS4Sc 2 67559 275.3 2.0 1.4 3.9 2.3 -102.7 20.4 0.26 0.4 − 0.34
Li4O4Ti 63 75164 178.8 4.8 3.1 3.2 8.5 -222.1 5.3 0.26 1.0 − 1.00
Mg3Nb6O11 164 62662 233.1 0.7 1.1 5.2 3.0 -134.6 14.9 0.26 0.5 − 0.46
AlCsMo2O8 164 280947 214.9 4.0 3.1 2.9 9.4 -247.9 3.9 0.26 2.0 − 0.35
Cd2O7Ta2 227 75605 280.0 2.0 0.3 1.3 0.8 -30.6 46.1 0.26 10.0 − 0.64
N2SZr2 194 96971 143.0 0.8 0.4 1.7 1.0 -52.8 70.8 0.26 0.2 − 0.76
La2Na2O10Ti3 139 82463 214.5 2.4 5.0 1.7 1.8 -299.0 38.1 0.26 7.0 − 0.71
CaO7Si2Zr 5 203131 137.0 5.0 1.1 3.3 8.8 -205.6 6.1 0.26 1.0 − 0.31
Ca2Nb3O10Rb 123 260289 227.0 1.7 8.6 1.8 1.0 -59.8 67.3 0.26 0.4 307.5 1.02
Mn3Nb6O11 164 62661 242.4 0.7 − − − -122.3 18.9 0.25 0.4 − 0.47
O6Sb2W 1 75595 253.0 1.4 1.5 1.7 0.5 -90.8 37.4 0.25 0.3 − 0.72
InLiMo3O8 156 30579 141.7 1.9 3.2 3.1 9.4 -224.2 5.0 0.25 1.0 − 0.37
Na2O5SiTi 129 166623 216.2 3.5 2.7 3.0 10.5 -210.0 5.7 0.25 1.0 − 0.37
CuO8W2Y 13 74945 299.5 1.7 − − − -205.5 6.1 0.25 1.0 − 0.19
N2SeZr2 194 424266 150.3 0.6 0.4 1.7 1.0 -51.6 71.2 0.25 0.2 − 0.39
Ca3Na2O9Ta2 155 280154 222.8 3.7 0.7 2.9 4.8 -95.5 26.8 0.25 0.8 − 0.27
As2NaO7Sc 5 161501 148.4 3.5 0.5 2.0 2.8 -69.1 32.6 0.25 2.0 − 0.24
Na2O4W 227 44524 190.0 5.0 0.3 1.1 15.1 -216.3 4.2 0.25 4.0 − 0.44
Bi2CaNb2O9 69 20666 188.2 1.9 1.2 1.6 1.1 -288.9 59.0 0.25 0.2 − 0.95
CaCu3O12Ti4 204 164543 203.9 0.9 − − − -134.8 13.1 0.24 0.7 − 0.30
GaLiO8W2 13 28008 257.5 3.2 5.4 3.6 7.8 -217.4 5.1 0.24 1.0 − 0.36
Bi4ClO8Ta 123 59601 208.5 1.3 0.3 1.3 0.7 -33.8 63.5 0.24 3.0 − 0.43
O3PbTi0.5Zr0.5 75 183493 135.0 2.1 32.7 2.6 1.3 -155.1 29.6 0.24 0.3 − 0.45
Cd2Nb2O7 227 168999 278.1 2.0 0.3 1.4 1.1 -25.0 40.4 0.24 9.0 − 0.66
KLaNaNbO5 129 94743 279.4 3.9 1.2 2.9 5.2 -93.3 16.3 0.24 10.0 − 0.46
AsO4Y 141 24513 162.4 3.7 0.5 2.1 1.7 -66.2 47.6 0.24 2.0 − 0.82
O3PbTi0.5Zr0.5 75 183491 135.1 2.1 16.1 2.6 1.3 -158.6 29.5 0.24 0.3 − 0.45
N4Zr3 220 97998 151.2 0.7 0.4 1.9 1.4 -55.2 45.9 0.24 4.0 − 0.50
La2NaO6Ta 14 159206 282.4 4.0 2.6 4.6 6.1 -175.7 8.5 0.24 0.8 − 0.29
ClFeO4W 129 80798 242.6 1.8 − − − -222.0 8.4 0.23 0.8 − 0.43
O2Zr 62 79915 121.2 3.1 2.7 2.5 1.3 -94.4 31.6 0.23 0.3 − 1.17
CuO4W 2 182750 133.2 0.9 − − − -144.7 16.2 0.23 2.0 − 0.33
Li2Na6O10W2 2 49027 229.4 3.6 3.4 3.5 8.5 -244.4 5.0 0.23 1.0 − 0.46
O5Pb2W 12 61399 278.4 2.9 2.5 2.5 2.1 -72.8 33.0 0.23 0.4 − 0.25
KLi6O6Ta 166 73159 139.1 4.6 2.1 3.1 10.2 -223.4 5.0 0.23 2.0 − 0.94
MoN2Na4O2 2 73102 268.4 2.3 0.8 2.0 1.1 -53.9 35.8 0.22 0.2 − 0.28
Li3NbO4 197 30246 293.6 4.0 1.6 4.5 5.3 -144.3 10.1 0.22 0.6 − 0.31
Li3NbO4 217 75264 293.4 4.0 1.6 4.5 5.3 -144.9 10.0 0.22 0.6 − 0.31
Bi2O6TiZn 38 186802 135.1 2.2 0.5 2.0 1.6 -61.1 48.4 0.22 0.2 − 0.29
8TABLE VIII: Full results table confinued
Material Space Grp. ICSD Vol. Band Gap meff DOS mDOS S σ/τ S
2σ/τ Opt. Doping Debye T S2σ/τ
A˚3 (eV) (103 eV−1A˚−3) (µV/K) 10−3 S
m fs
103 W
m K2fs
(1021cm−3) K p-type
CdCu3O12Ti4 204 39467 203.9 0.9 − − − -129.9 12.5 0.22 0.6 − 0.26
InMo2O8Rb 164 10186 225.4 4.2 3.2 4.4 8.4 -277.8 5.3 0.22 1.0 − 0.55
K2La2O10Ti3 139 74193 225.9 2.4 7.6 1.9 1.6 -409.9 37.1 0.22 8.0 − 0.58
La2Li2O10Ti3 139 82907 198.2 2.4 4.3 2.5 1.6 -173.4 40.2 0.21 9.0 292.3 0.83
CO7SiY2 2 88878 256.1 4.9 2.6 5.5 4.1 -162.5 8.7 0.21 0.6 − 0.10
O4PbW 64 155522 294.2 1.5 0.8 3.0 4.3 -124.1 23.3 0.21 3.0 − 0.44
FeLiO8W2 15 262314 260.4 1.7 − − − -219.9 5.6 0.21 1.0 − 0.19
INZr 59 36119 146.1 1.5 2.1 1.2 0.8 -513.0 54.1 0.21 6.0 − 1.94
CoLi2O8W2 2 92852 134.8 2.3 − − − -178.1 5.3 0.21 10.0 − 0.36
Ca4N4Ti 2 172879 278.3 1.5 0.5 2.9 3.0 -68.8 26.0 0.21 2.0 − 0.28
Hf2O7Y2 227 153819 292.8 3.4 0.2 2.1 1.4 -59.6 35.9 0.20 8.0 − 0.72
O7Y2Zr2 227 153818 291.8 3.0 0.4 2.4 1.7 -54.9 29.0 0.20 6.0 − 0.74
Ba3NiO9Ta2 164 240281 201.0 2.7 − − − -161.0 5.4 0.20 10.0 − 0.73
CaMoO4 88 60557 153.0 3.4 2.9 4.0 7.1 -173.7 6.6 0.20 1.0 − 0.56
Hf3N4 220 97997 154.9 1.4 0.4 2.0 1.3 -56.6 43.8 0.20 5.0 − 0.45
LaO3Ti0.5Zn0.5 14 172755 250.6 3.1 3.0 2.9 9.8 -239.7 5.2 0.20 1.0 − 0.56
BaO8P2Zr 164 173842 182.4 4.1 0.9 2.7 2.0 -66.9 25.1 0.19 7.0 − 0.37
O7Sc2Si2 12 75925 129.4 4.7 2.3 4.3 5.7 -163.4 8.3 0.19 0.8 − 0.47
Ca2O10RbTa3 123 89010 228.9 2.3 4.7 1.7 1.1 -76.5 68.6 0.19 0.6 313.4 1.45
B2K2O6Zr 166 67982 141.5 3.8 1.8 3.0 2.3 -86.2 21.4 0.18 0.4 − 0.32
BaBi2O9Ta2 139 92058 190.2 2.3 0.4 1.2 1.0 33.7 79.1 0.18 0.3 293.5 0.48
CuF2O3W 11 60759 179.5 1.9 − − − -163.8 6.7 0.18 0.8 − 0.64
Cd2Nb2O7 46 169003 278.5 2.0 0.3 1.4 1.0 -24.5 40.9 0.18 10.0 − 0.62
As2LiO7Sc 5 161499 140.9 3.5 0.6 2.0 2.4 -60.9 33.9 0.18 3.0 − 0.21
FeNbO4 5 429 153.7 1.5 − − − -109.5 13.4 0.18 0.5 − 0.46
FeNbO4 12 14016 153.7 1.5 − − − -108.5 13.4 0.18 0.4 − 0.46
B4O11Sc2Sr2 2 86435 222.6 4.7 1.2 2.5 11.8 -244.5 2.5 0.17 3.0 − 0.20
Cl4MoO 2 41418 309.8 1.5 6.7 3.3 10.5 -231.7 3.3 0.17 1.0 − 0.15
N2Na4O2W 2 73101 271.7 2.1 0.7 1.7 0.7 -49.7 41.5 0.17 0.3 − 0.27
K2O4W 12 150840 254.3 4.6 0.6 2.7 6.0 -71.4 27.6 0.16 0.4 − 0.11
O3Y2 62 181828 260.4 3.1 0.7 2.0 1.2 -58.4 33.1 0.16 10.0 − 0.62
Ag.15F3Na.15O3W 148 262534 273.8 3.1 1.6 3.9 2.4 -91.6 13.3 0.16 0.3 − 0.23
Be2GeO7Y2 113 39122 266.2 4.5 0.5 1.6 1.3 -41.8 40.5 0.16 10.0 − 0.31
CrNaO8W2 13 161849 276.7 0.6 12.8 3.8 8.2 -259.2 2.8 0.16 4.0 − 0.13
Nb6O12Ti2 148 280002 257.8 0.9 1.8 5.0 6.4 -169.8 5.4 0.16 0.8 − 0.25
Nb6O12Ti2 148 280002 257.8 0.9 1.8 5.0 6.4 -169.9 5.3 0.16 0.8 − 0.25
HfNO3Ta 31 186408 115.6 1.5 0.8 1.9 1.2 -67.8 35.9 0.16 0.2 − 0.48
HfNO3Ta 31 186408 115.6 1.5 0.8 1.9 1.2 -67.8 35.9 0.16 0.2 − 0.48
B2Na3O6Sc 14 262733 271.0 3.6 0.5 1.7 2.8 -43.8 47.6 0.15 0.2 − 0.46
InO8RbW2 164 24859 227.7 4.6 2.9 3.5 11.2 -185.2 1.9 0.15 10.0 − 0.48
O4Rb2W 12 183200 282.1 4.6 0.5 2.3 5.1 -56.4 34.2 0.15 0.3 − 0.10
FSY 129 87130 98.4 1.7 0.5 1.3 0.7 -36.8 63.3 0.15 0.1 − 0.59
Hg2Nb2O7 227 22226 285.4 0.5 0.2 1.2 0.8 -23.6 48.6 0.14 6.0 − 1.19
AgLaO4Ti 129 78719 189.0 1.6 0.7 1.1 0.7 47.4 40.3 0.14 0.2 280.7 0.72
Fe2O5Ti 15 24416 170.6 1.2 − − − -172.4 5.0 0.14 0.8 − 0.16
Nb3O10RbSr2 123 93674 232.4 1.7 5.6 1.7 1.0 -55.6 66.1 0.14 10.0 295.1 0.78
O7Si2Y2 14 28212 289.8 4.8 0.5 1.4 1.2 -40.8 39.8 0.13 3.0 − 0.25
O7Si2Y2 14 164147 289.6 4.8 0.5 1.4 1.2 -40.6 39.9 0.13 3.0 − 0.25
F3MoNa3O3 146 97452 133.2 4.1 2.5 3.7 8.9 -155.0 4.9 0.12 0.7 − 0.09
LiO2Y 14 16218 210.4 4.0 0.5 1.4 0.8 -35.7 50.8 0.12 0.1 − 0.82
O7Si2Y2 12 281312 146.1 4.7 0.5 1.4 1.0 -40.5 41.8 0.12 3.0 − 0.37
CaGeO5Zr 2 154327 212.2 3.8 0.5 1.8 1.4 -39.8 35.7 0.11 0.1 − 0.67
Be2O7SiY2 113 23233 256.4 5.2 0.5 1.9 1.6 -39.7 32.3 0.11 0.1 − 0.28
Cd2Nb2O7 9 161923 278.7 2.0 0.3 1.4 1.1 -24.5 40.5 0.10 10.0 − 0.60
LiO7P2Sc 4 91496 284.4 5.1 3.0 2.5 12.6 -193.0 2.7 0.10 1.0 − 0.23
Li2O7W2 2 21048 272.1 3.6 3.4 4.6 7.4 -174.8 3.1 0.10 0.8 − 0.14
FeNaO8W2 13 161848 283.6 1.9 − − − -218.0 2.3 0.10 1.0 − 0.27
Cl3N3Ti 2 15996 331.0 2.6 8.2 2.0 11.0 -281.4 1.5 0.10 2.0 − 0.19
NaO6Si2Ti 2 166316 218.1 1.2 4.5 3.6 10.4 -178.0 1.3 0.09 10.0 − 0.24
O12WY6 148 100196 260.8 3.2 6.3 3.2 9.0 -214.3 2.4 0.08 0.8 − 0.29
F4KNaO2W 129 422709 300.8 2.6 21.4 2.6 11.8 -215.9 1.8 0.08 1.0 − 0.26
In6O12W 148 27197 234.0 2.1 0.2 1.3 4.7 -17.4 40.4 0.07 − − 0.38
BaS3Ti 186 18201 224.9 0.0 0.9 3.3 1.6 -31.7 262.7 0.06 1.0 − 0.12
F5KNaNbO 129 422708 303.4 4.9 12.9 2.3 13.2 -210.2 1.3 0.06 1.0 − 0.22
NaO6Si2Ti 15 166312 218.3 1.2 4.1 3.6 10.4 -180.3 1.4 0.05 10.0 − 0.26
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